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ORGANIZATION OF THISWORKING PAPER

This is Volume 3 of three volumes that comprise the Anadromous Fish Restoration Program (AFRP)
Working Paper on Restoration Needs. The contents of the three volumes are as follows:

Volume 1 describes how the WoRKING PAPER was developed, explains the process
envisoned for completing afina Restoration Plan, and summarizes the production gods,
limiting factors, and restoration actions sections developed by the AFRP technical teams.
Interested parties should read the letter from Dde Hall and Wayne Whitethat appears at
the beginning of Volume 1.

Volume 2 provides descriptions of Centra Vadley rivers and dreams, summarizes
information on historic and existing conditionsfor anadromousfigh, identifiesthe problems
that have led to the decline of anadromous fish populations, and identifies roles and
responsibilities of state and federd agenciesin managing anadromousfish. It also includes
two key documents that were used by the AFRP Core Group and technica teams to
develop the WORKING PAPER.

Volume 3 includesthe complete production gods, limiting factors, and restoration actions
sections as submitted by the AFRP technica teamsand edited by USFWS gtaff. Volume3
aso includes citations for dl three volumes of the WORKING PAPER.

To request copies of this Working Paper, cdl the AFRP-sinformation line a (800) 742-9474 or (916)
979-2330 and did extenson 542 after the recorded message begins. You may aso obtain copies by
cdling Roger Dunn, CVPIA Public Outreach, at (916) 979-2760 or by sending e mail requedts to
roger_dunn@fws.gov. The Working Paper is available to be viewed and downloaded on the Internet at
http://darkstar.dfg.ca.gov/usws/fws_home.html.

This document should be cited as.

U.S. Fishand Wildlife Service. 1995. Working Paper on restoration needs. habitat restoration actionsto
double naturd production of anadromousfishin the Centrd Vdley of Cdifornia Volume 3. May
9, 1995. Prepared for the U.S. Fish and Wildlife Services under the direction of the Anadromous
Fish Restoration Program Core Group. Stockton, CA.
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SECTION X. REPORTSFROM THE TECHNICAL TEAMS

INTRODUCTION

This section consigts of the reports from the eight technical teams. Five of these teams addressed chinook
sdmon and steelhead in each of the following areas: (1) mainstem upper Sacramento River, (2) upper
Sacramento River tributaries, (3) lower Sacramento River and Deltatributaries, (4) San Joaquin basin, and
(5) Sacramento- San Joaguin Delta. Threeadditiona teamsaddressed (6) striped bass, (7) American shad,
and (8) white and green sturgeon. The teams that addressed chinook salmon and steelhead, American
shad, and white and green sturgeon organized their reports according to river systems.

Each report ispresented in at least two sections, "Limiting factorsand potentid solutions' and "Restoration
actions'. Thefirg of these sections describes factors potentialy limiting the production of the speciesand
gives an overview of potentid solutions for each factor; the second section lists specific actions and
describes the objective, location, and predicted benefits and provides details of implementation for each
action.
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A. CHINOOK SALMON AND STEELHEAD
Basaline Natural Production and Goals

Chinook salmon - The procedures described in Volume 2, Section IX, AGuiding Principles and

Assumptionsi were used to estimate restoration gods for chinook sdmon (Table 3-Xa1). The Core
Group defined the restoration god to be equal to, at least, twice the mean estimated natura production for
the basdline period (1967-1991). It defined natural production during the baseline period to be that portion
of production not produced in hatcheries and defined total production to be the sum of harvest and

escgpement.  Only rough estimates of hatchery production and ocean and inland harvest exigt for the
basdline period, and then only for some Central Valley rivers and sreams. Where estimates were not
available or where they wereknown to beinaccurate, vauesfor these parameterswereassgned. Thepro-
portion of production produced in hatcheries was assigned based on available estimates (Dettman and
Kelley 1985, 1986; Cramer 1990) and on the opinion of fishery biologists. Ocean harvest of Centra

Valey chinook sdmon was assumed to be equd to the Centrd Valey Index. Inland harvest values were
assigned as a proportion of escapement based on available harvest data (Mills and Fisher 1994, draft
summaries of Cdifornia Department of Fish and Game [DFG] 1991-1993 angler survey data) and the
opinion of fishery biologists. In generd, escapement estimates were taken from Mills and Fisher (1994).
More specific sources of information considered for each river are listed as notes associated with
production spreadsheets in Appendix A at the end of this subsection.

Opportunities exist to improve estimates of most of the parameters used to estimate the restoration godl,
especidly estimates of the proportion of production produced in hatcheries and ocean and inland harvest.
The godslised in Table 3-Xa 1 should be considered preliminary estimates.
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Table 3-Xa1. Escapement, harvest, and production data and preliminary estimated
restoration goals for chinook salmon based on doubling of natural production.

Harvest Production

Race and river® Escapement Instream Ocean Total Natural Goal®
All races combined 280,000 53,000 410,000 740,000 500,000 990,000
Fall run 220,000 40,000 340,000 610,000 370,000 750,000
Latefdl run 15,000 5,500 24,000 34,000 22,000 68,000
Winter run 23,000 4,600 26,000 54,000 54,000 110,000
Spring run 13,000 2,400 19,000 34,000 34,000 68,000
Sacramento River

Fall run 77,000 7,700 110,000 190,000 120,000 230,000

Latefal run 14,000 2,800 20,000 37,000 22,000 44,000

Winter run 23,000 24,000 26,000 54,000 54,000 110,000

Spring run 11,000 2,200 16,000 29,000 29,000 59,000
Clear Creek 1,600 160 2,700 4,500 3,600 7,100
Cow Creek 1,400 140 1,400 2,900 2,300 4,600
Cottonwood Creek 1,600 160 1,900 3,700 3,000 5,900
Battle Creek

Fall run 18,000 1,800 31,000 50,000 5,000 10,000

Latefal run 1,000 200 1,500 2,700 270 550
Paynes Creek 90 10 110 200 160 330
Antelope Creek 190 20 240 450 360 720
Mill Creek

Fal run 1,100 110 1,400 2,600 2,100 4,200

Spring run 800 80 1,300 2,200 2,200 4,400
Deer Creek

Fall run 410 40 510 950 760 1,500

Spring run 1,300 130 1,800 3,300 3,300 6,500
Miscellaneous creeks 300 30 350 680 550 1,100
Butte Creek

Fall run 420 40 490 951 760 1,500

Spring run 360 40 620 1,000 1,000 2,000
Big Chico Creek 240 20 230 500 400 800
Feather River 49,000 9,700 80,000 140,000 86,000 170,000
Y uba River 13,000 1,300 19,000 33,000 33,000 66,000
Bear River 100 10 110 220 220 450
American River 41,000 18,000 75,000 130,000 81,000 160,000
Mokelumne River 3,300 300 4,100 7,800 4,700 9,300
Cosumnes River 760 80 800 1,600 1,600 3,300
Caaveras River

Winter run 410 480 590 1,100 1,100 2,200
Stanislaus River 4,800 240 5,800 11,000 11,000 22,000
Tuolumne River 8,900 450 9,500 19,000 19,000 38,000
Merced River 4,500 230 5,100 9,900 9,000 18,000
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a

Datafor rivers without a race designation are for fdl-run chinook sdmon.

® Because of rounding errors, goa category numbers do not add up to twice the natural production

category numbers.
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Seelhead - Insufficient data are available to estimate natura production of steelhead inthe Centra Valey
other than upstream of Red Bluff Diverson Dam (RBDD). The restoration god for stedlhead spawning
upstream of RBDD is 13,000 steelhead per year (refer to Appendix B at the end of this subsection).

Upper Mainstem Sacramento River

Limiting factorsand potential solutions - Population levelsof chinook salmon and stedlhead in the upper
Sacramento River are & historically low levels. The winter-run sdlmonislisted as endangered; spring-run
populations in the maingem are less abundant than winter-run popuations, but occur in tributaries to the
upper Sacramento River at low levels. The commercid fisheriesthat depend on Sacramento River stocks
have been curtailed to a considerable degree.

Actions that are needed include seasonal opening of dam gates at RBDD, releases of cold water from
Shasta and Trinity dams from levels below the powerhouse intakes, remova of acid and metal from the
worgt portion of the discharge from Iron Mountain Mine Superfund Site, and avoidance of entrainment of
juveniles a Glen Colusa pumps and other diversions.

Thereishigtorica evidence that the sdmon fishery was compatible with the basic components of the water
projects during the 1940s, 1950s, and 1960s. During the 1950s, the combined population of al salmon
runson the upper Sacramento River probably exceeded one-haf million salmon. Over thelagt two decades
samon escapements and harvests have declined. Aswater demandsincreased, the CV P grew, becoming
less operationdly flexible in providing water-rlated bendfits to fish, wildlife, and associated habitats,
especidly during dry periods. This trend continued even with increased regulation.

By restoring operationd flexibility to water projects, a reasonable baance can be achieved among
competing demands for use of CVP water, including the requirements of fish and wildlife, agriculturd,
municipa and industrid, and power contractors. The Centra Valley Project Improvement Act (CVPIA)
cdlsfor severd fish and wildlife restoration activities, some of which are sStructural changesto theexigting
facilities. These changes (e.g., addition of a structurd temperature control device at Shasta Dam) are
especidly vauable because they provide structura operationd flexibility, alowing more needs to be met
with the same amount of water.

With limited water supplies and high demand requirements for fish and wildlife, agriculture, municipa and
industrid, and power production, complex water management solutions are needed. For fish and wildlife
and associated habitat protection, the Centrd Vdley Project (CVP) should attain operationd flexibility to
protect the sdmon and steelhead populations. In drought Stuations, the salmon and steelhead runs should
be protected at least 2 out of 3 successive years, thus ensuring the popul ations maintenance, recovery, and
resliency and avoiding the decade-long recovery periodsfrom cumulative mortality rates produced by the
present water management operations.
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Existing habitat conditions - The Sacramento River isthelargest river sysemin Cdifornia The
river's water resources yied 35% of the state's supply and the river's sdmon and steelhead resource
supplies the largest portion of the tate's catch. The upper Sacramento River supports one of the largest
contiguous riverine and wetland ecosystems left in the Centrd Valley even though the remaining riparian
habitat is only 5% of the historical amount. The river ecosystem supports severd federa- and state-listed
endangered and threatened species and severa pecies of specia concern.

The flow of the Sacramento River is regulated by Shasta Dam where as much as 4.5 maf of water are
gtored during the wet season.  River flow is augmented in average years by up to 1 ma of Trinity River
water transferred by tunnel to Keswick Reservoir. The U.S. Bureau of Reclamation (USBR) owns and
operatesthe Shastaand Trinity divisonsof the CV P, which aso includes Spring Creek DebrisDam, which
is used for metering out toxic wastes from the Iron Mountain Mine, and RBDD, which diverts into the
Tehama- Colusa Canal and the Corning Candl.

Theupper Sacramento River extendsfrom Keswick Dam to the confluence of the Festher River, adistance
of 215 river miles. Other dterations of the river affecting thisreach indude: the Glen-Colusalrrigation
Didrict's(GCID's) pumps, which divert gpproximately 1 maf of weater per year; the Anderson Cottonwood
Irrigation Digtrict's (ACID's) seasond dam, which diverts gpproximately 150,000 af, May to October;
hundreds of small riparian diversions, and displaced riparian forests dong sel ected sections of the bank that
have mgor flood-control and bank protection works from Red Bluff to the Feather River.

Habitat needs - The upper Sacramento River supportsfour races of chinook salmon and stee heed.

Other native anadromous fish include white sturgeon (Acipenser transmontanus), green sturgeon (A.

medirostris), Pacific lamprey (Lampetra tridentata), and river lamprey (L. ayres). Nonnative
anadromous fish include striped bass (Morone saxatilis) and American shad (Alosa sapidissima).

Thissubsection addresses six primary limiting factors affecting salmon and stee head in the upper maingtem
Sacramento River: 1) changes inthe naturd frequency, magnitude, and timing of flows, 2) water
temperature changes, 3) passage a artificial migration barriers; 4) toxic discharges; 5) effects of hatchery
stocks on natura stocks, and 6) loss of riparian forests and associated rearing fabitat and water
temperature moderation capacity. Specific issues for achieving restoration follow:

Changes in the natural frequency, magnitude, and timing of flows- Reservoirshave
changed the natura flow regimes of the Sacramento River by changing frequency, magnitude, and timing of
flow. FHows need to be established that support the life history needs of dl four races of salmon and
dedhead: spawning flows, stable flows for early life stages, outmigration flows, and flushing flows for
sediment transport.

The Sacramento River functionsasawater delivery cand for the CVP. Flowsareregulatedinlarge part by
CVP water dlivery operations. During the irrigation season, flows released to satisfy project purposes



3-Xa-6 WORKING PAPER ON RESTORATION NEEDS

generdly exceed flows needed to satisfy spawning and temperature control requirements. Critical periods
for coordinating flows between fishery needs and water ddlivery needsincludefdl and early winter months
to ensure that incubation conditions are adequate, |ate winter when there may be aneed to reduceflowsand
increase storage for temperature cortrol later in the year, and spring when temperature control plans and
water contracting decisons are made for the next season.

The runoff and storage conditionsin the project vary widdy, requiring different types of operation. USBR
generaly operates the project in accord with a CV P Operations Criteriaand Plan (USBR 1992) and the
Biologica Opinion for winter-run chinook salmon (National Marine Fisheries Service [NMFS] 1993).

Theflow dlocation processisnow coordinated withthe CVPIA (CVPIA; P.L. 102-575). Eachyear there
is coordination among the fishery trustees (DFG, U.S. Fish and Wildlife Service[USFWS], and NMFS)
and the CVP operatorsto select the flow regimesand flow changes meeting habitat requirementswithin the
available water supply. Habitat consderations include prevention of stranding and isolation of redds and
juveniles due to flow fluctuations, attainment of temperature objectives, and provison of experimentd
spring-time releases for facilitating outmigration. Corsideration is given to balancing reservoir carryover
Storage needs for temperature control with flow needsfor habitat. The project operators provide monthly
forecagtsto thefishery trustees and further coordination occurs throughout the year as hydrologic conditions
change.

The benefits of pulsed flows need to be accurately determined to facilitate juvenileoutmigration. Thisflow
requirement can consume enormous quantities of water from supplies dedicated to fish and wildlife.
Because of the high water cog, it is necessary to define the benefits through carefully designed studies of
experimenta spring-time outmigration flows. There may be a need for flushing flows for channd
maintenance (e.g., to remove the harmful effects of sedimentation or growths of nuisance agae and
oligochaetes that destroy sdlmon eggs). Presently, there is insufficient informeation to determine thetiming
and amount of theflushing flow. Until the recent drought, carryover storage was sufficient to produce spills
from Shasta Dam at adequate intervals.

Water temperature changes - Reservoirs have changed the naturd cycle of water
temperature and blocked access to historical pawning areas. The temperature regulation isimportant to
the restoration of winter-run, spring-run and, to a lesser degree, fal-run samon. Lae fdl-run samon,
steelhead, and other anadromous fish are not threatened by temperature problems. Past instances of
temperature-induced mortality caused mgjor year class failures and losses, especidly when poor runoff
conditions were combined with heavy reservoir drawdowns.

The CdiforniaState Water Resources Control Board (SWRCB), on behalf of thefishery trustees, requires
CVP operationsto provide the best temperature control attainablefor all racesof sdmon and steglhead. In
addition, it requires eventud ingtalation of temperature control devicesat Shasta Dam and at Whiskeytown
Reservoir. The NMFS, under the Endangered Species Act, prescribes measures for temperature control
for winter-run salmon.
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Permanent remedies are needed to resolve the temperature problem through the ingtdlation of structura
deviceson dl reservoirsreleasing to theriver, in combination with prudent reservoir management practices
that leave sufficient carryover storage to maintain cold water reservesthefollowing year. Intheinterim, the
reservoir operations are reviewed by a temperature task force and recommendations are made to avoid
possible losses of sdmon and steelhead by the optimum budgeting and delivery of cold water reservesvia
the coldest available reservoir outlets. These actions are consstent with the intent of the Clean Water Act
(Water Rights Order 90-5), Federal Endangered Species Act, and the CVPIA. Uncontrollable factors,
such asextreme drought, will limit the ability to control temperatures even with temperature control devices.

The temperature regime of the middle Sacramento River below Tehama County is not significantly

influenced by reservoir operations due to its distance downstream from the dam. The objectives of

restoration activitiesthet affect thetemperatureregimein themiddleriver include rerouting major agricultura

drainwater dischargesfrom theriver into flood bypass channel s and reestablishing large-tract riparian forests
that increase humidity and moderate air temperatures. Further study and analyses are needed to quantify
the benefits of these two actions. However, it may not be necessary to precisely quantify these benefits if
these actions are taken for the overriding benefits of restoring riparian forest for wildlife and directing large
pesticide and herbicide discharges away from theriver.

Passage at artificial migration barriers -

Red Bluff Diversion Dam- Opening the RBDD gates diminates ddlay in passage
and blockage of adult sdmon and stee head, which can result in reproductivefalureif thefish are unableto
reach additional spawning habitat and the coldest available water. The open gates dso diminate
concentrations of piscivorousfish (ther upstream movement is blocked by the dam), which prey on juvenile
sdmonids disoriented by passage under the dam gates. A needed partial remedy to fish passage problems
isingalation of USBR's proposed research pumping plant, which will alow the diverson dam gatesto be
open from mid-September through mid-May. A find remedy will depend on results of pilot studies,
evauations of the research pumping plant, and further feasbility studies focusng on different szes of
pumping stations and/or ladder-type passage facilities.

Ander son-Cottonwood Irrigation District - The ACID's 75-year-old seasona
dam needs an updated fish passage facility and awater control device that adjusts the head on the cand
without flaghboard remova and related drastic stream flow reductions. The ACID's dam has severd
effectson samon and steelhead: (a) adjustmentsto the flashboard dam according to ipulationsinaUSBR
contract alow thedistrict to order rapid and drastic changesin theriver flow, thus causing fish stranding and
redd dewatering; (b) high volume water releases from cana waste gates can attract and strand spawvning
adult salmon and steel head; () there are occasiond discharges of toxic herbicidesto tributaries crossing the
candl; and (d) inadequate fish ladders at the dam impair upstream fish passage.
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Fishery restoration remedies are proceeding on acooperativebass. The ACID isdeveloping the necessary
information to better operate and improve the facilities necessary to exercise its water right with minimum
biological impacts, congstent with variouslitigation settlement agreements. A setting for theflashboardsand
canal drum gateswas recently and successfully tested at river flows of 4,000- 14,000 cubic feet per second
(cf9). Thesetting can ddiver thefull water demand in the cand without requiring mid-season adjustment of
the flashboards and not exceeding the safety of dam water surface devationinthediverson pool a themain
dam.

Thecana system operating procedures have been revised to prevent mgjor biological problems. Oncethe
ACID has determined the level of remediation possible from operational changes and structura
modifications, appropriate agreements need to be compl eted.

Keswick Dam - Keswick Dam routinely spills during powerhouse problems and
floods. The spill atractsal races of sdmon and stedhead into adilling basin, isolaing them from theriver
when spillscease. A more effective escape passage can be provided by ingtdling asmall stream channd
through the bedrock at the outside corners of the basin. The spills occur intermittently with turbine load
reections, required safety checks of the gates, and rare flood releases. The basin aso receives oil-1aden
discharges from the internd dam works.

Unscreened diversions - There are more than 300 separate irrigation, indugtrid,
and municipa water supply diversons adong the Sacramento River between Redding and Sacramento,
diverting nearly 1.2 maf of water annualy from April through October. These unscreened diversons may
cause ggnificant losses of juvenile sdmon and stedlhead rearing in these sections of theriver during theirri-
gation and nonirrigation seasons. FHooding of rice fields during the nonirrigation season is presently under
cong deration, which would expose more rearing sdlmon and steelhead to unscreened pumps. According to
The Resources Agency of California(1989), 10 million juvenile sdmon and stedhead arelogt to unscreened
diversons annudly.

Glen-Colusalrrigation District - The GCID was organized in 1920 to take over
the Centrd Irrigation Didrict's diverson project, which had operated since 1905. Significant hydraulic
changes have occurred in theriver snceingalation of the exigting fish screensin 1972, Theentranceto the
diversion has dropped about 3 feet in eevation, lowering water depths in the oxbow and decreasing the
effective surface area of the screens. Decreasing surface areaincreases water vel ocity through the screens,
killing juvenile sdmon, steehead, and other smdl fishes by impingement.

Bypass flows needed to dlow juvenile fish to return to the river are insufficient, and reverse flows occur
when drawdown in the intake channe exceedsthe naturd flow of the main channd of theriver. Mot fish
entering the diversion during these periods are believed to be lost to predation.
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Origina screen design criteria did not cdl for screening out sdmonid fry (less than 1.75 inchesiin total
length). Itisnow recognized thet these screenswere never completdly effective. DFG estimatesan average
annud loss of 7 million downstream migrating sdmonids at this diversion.

Restoration of anadromous salmonid popul ations above Keswick Reservoir - The
amount of chinook salmon and stedlhead habitat lost upstream from Keswick and Shasta dams was
enormous. Hanson et al. (1940) determined from extensve grave surveysthat morethan 2.4 million square
feet of gpawning habitat in 187 milesof bleriversand streams cgpable of supporting amaximum run
of 188,000 salmon were blocked to anadromousfish by the project. Thisareaonce provided substratefor
natura spawning for gpproximeately one-haf of thetotal Sacramento River sdimon run (Calkinset d. 1940,
Van Cleve 1945, Azevedo and Parkhurst 1958). Restoration of fish access to historica spawning and
rearing habitat currently blocked by Keswick and Shastadams would provide an opportunity to augment
natural production of anadromous salmonidsand could extend the current reduced geographical rangesfor
chinook sdmon and steelhead. If restoration is successful, anadromous salmonids would have access to
historica spawning rangesabove Keswick and Shastadams, providing additiond restoration opportunities.

Restoration of habitat above the dams would be a secondary objective explored if it proves unfeasible to
double the natural production in Centrd Valey streams below Keswick and Shastadams. Elements of a
feasbility study to determine the potentid for restoration would include, but not be limited to, asurvey for
suitable or restorable habitat above Shasta Dam; a survey for suitable or restorable habitat between
Keswick and Shasta dams; examination of Keswick Dam fish trgp to move adults above Keswick Dam;
survivorship of juvenilesthrough Keswick Dam turbines; and andyssof valitiond fish passage, induding fish
bypass sysemsand trucking of fish to facilitate adult and juvenile migration past Keswick and Shastadams.

Toxic discharges - The Sacramento River receives a variety of discharges that have
crested contamination and increased toxicity to fish and other agudtic life.

Metals - Due to waste from the Iron Mountain Mine, the Sacramento River has
impaired water quality according to standardsfor metal s established under the Clean Water Act (SWRCB
1992). The Iron Mountain Mine discharges a complex mixture of toxic metals from abandoned mine
workings. The discharge entersthe Sacramento River approximatdy 1 mileabove Keswick Dam, palluting
the river with dissolved metals and forming large depodits of chemical sediments.

Higtoricdly, fish toxicity is managed to the extent possible by metering waste from the Spring Creek waste
reservoir and diluting it with releases from Whiskeytown and Shastareservoirs. Dilution does not solvethe
problem. Normdly, dilution capability islargein what isthe largest reservoir and river complex inthe sete;
however, during drought or operations at Shasta Dam to prevent downstream flooding, little or no dilution
water exigts. High concentrations of toxic metals have caused morethan 40 documented kills of salmon and
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stedhead and more undocumented damage. Lower concentrations of metalsthat are fairly common in the
river can result in reduced growth, disease resistance, and physiologica problems.

During the last decade, the Iron Mountain Mine ste has been on the U.S. Environmenta Protection
Agency's (EPA's) Superfund program. The main objectives of EPA and the fishery trusteesin the Iron
Mountain Mine cleantup include: () diminate the water demand that the dilution of the toxic discharge
places on the Shasta: Trinity Project of the CVP and (b) attain water quality objectivesfor toxic metdsand
contaminated sediments to protect the fishery resources of the Sacramento River from acute and chronic
toxiaty.

Protection of the Sacramento River fishery has been greeatly improved by the actions completed to date
under the EPA program, including diverting uncontaminated watersaway from contaminated areas, capping
an open pit mine, digposing of numerous largetallings piles, and piping the drainage from the portasto the
magor underground workings to a lime trestment plant that removes 98% of the metds and acid. The
remaining necessary remedid actions il in the planning processind ude controlling pollution from the diffuse
sources of copper dill inthe watershed, which causes pollution during large rainfall events, and cleaning up
the dhemical sediments in Keswick Reservoir (EPA 1994). Fifty years of discharging the meta-laden
waste, which has apH of 3, into Keswick Reservoir produced a deposit estimated to be 109,000 cubic
meters in Sze and to contain metd levels exceeding those designated for hazardous waste and toxic to
sdmon fry and invertebratesin smal amounts (DFG 1995). Thelocation of alarge portion of the deposits
near the Spring Creek Powerhouse can mobilize deposits into the river under certain types of operations.

Bioaccumulative substances - Monitoring of dibenzofuran and dioxin
concentrations in resident fish and pulp mill effluent should ensure compliance with the Centrd Vadley
Regiona Water Control Board's (CVRWQCB's) basin plan (CVRWQCB 1990) and suitability of different
fish gpecies for gport and commercia uses.

Biostimul atory substances - Monitoring of nuisance dgae growthsandHydrilla,
with the possible use of infrared technology, isneeded to determine when theriver hasreached its capacity
to assmilate nutrients. Large sources of biogtimulatory substances include nitrogen from municipa waste,
pulp mill effluent, and trace e ements such asiron from Iron Mountain Mine,

Effects of hatchery stocks on natural stocks - Effects of hatchery stocks on natural
gpawning stocksisunknown. Thereisapotentia for competition to occur between hatchery-rel eased and
wild/naturd juvenilesin the Sacramento River. Biologica interactionsof hatchery-rdessed fishwithwildfish
may includedirect competition for food and space during the freshwater rearing phase (Steward and Bjornn
1990).

The extent of transmission of diseases or parasites from hatchery-released sdmonids to wild stocks is
largely unknown. Although disease outbresks and epizoatics arefairly common in hatcheries, direct transfer
of these diseases to wild fish has not been clearly demonstrated. Steward and Bjornn (1990) state that
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thereislittle evidence of transmittance of diseases or paragites from hatchery to wild sdmonids, athough
research on this subject is limited and the full impact of disease on supplemented stocks is probably
underestimated.

Loss of riparian forests and associated rearing habitat and water temperature
moderation capacity - Riparian forests have been removed because of bank stabilization projects that
reduce rearing habitats and increase hest gain dong theriver.

Riparian forests- Thecontinuing fragmentation of theremaining riparian ecosystem
has been implicated in the decline of sdlmon and steelhead popuations in the upper maingem of the
Sacramento River. The riparian habitat dong theriver isan integrd part of this system, affecting erosion,
deposition, and channel morphology.

The riparian ecosystemn aong the Sacramento River conssts of amosaic of habitat types of different age,
species composition, and vegetative structure.  From grasses, forbs, and willows sprouting on newly
deposited point barsto thick stands of cottonwood, sycamore, and black walnut to high terrace valley oak
woodland, the system isinextricable from the geomorphological processes of erosion and deposition. The
vegetation dructure in turn affects river morphology by promoting sedimentation during floodflows and
influencing erosion rates and channd cutoffs. The resulting channd and floodplain configuration has a
diverse array of ingtream habitat conditions that benefit salmon and steelhead populations.

Loss of riparian forest has many deeterious effects on sdmonid populations. These include the loss of
configurations suitablefor cregting pawning riffles; gravel from eroding banksfor the crestion of spawning
riffles; wood debris that provides habitat for juvenile fish; and organic materia for aguatic invertebrates, -
cover, and shade.

Many factors haveresulted in cong derable reduction in the amount of riparian habitat along the Sacramento
River. Converson of riparian forests to agriculture is the principa reason for the decline. Completion of
Shasta Dam fostered further conversons of habitat to agriculture as decreasing flood risks dlowed the
planting of orchardsand row cropsin the historica floodplain. Bank protection aso fostered conversion of
forests by reducing bank eroson and meandering. The CVP dtered the river's naturd flow regime and
sediment transport characterigtics, changing patterns of forest regeneration. Operation of flood control
projects, primarily south of Chico, with their associated systems of welrs, levees, bypasses, and bank
protection precludes the reestablishment of a dynamic riparian ecosystem. Other current and historical
factors contributing to the degradetion of the riparian system include timber and fuel harvesting and urban
and residentia development.

For most of the length of the river, many of these factors currently preclude the reestablishment of an active
meander zone. North of Cottonwood Creek, for example, lack of flooding has disrupted the historica
pattern of vegetative succession, resulting in areduction in early successiond stages of riparian forest. The
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Sacramento River Flood Control Project directs floodflows away from the leveed main channd, leaving
only smdl remnants of riparian habitat south of Colusa.

Between Chico Landing and Red Bluff, conditions ill exist that could eventudly support the
reestablishment of areatively continuous and viableriparian system. Unregulated tributary flows contribute
to ahydrology that till bears someresemblanceto the natura system. Active erosion and depositionisdill
occurring in many places, and remnants of the vegetation mosaic remain. Both USFWS and The Nature
Conservancy have targeted this reach for riparian habitat acquisitions.

The riparian forest moderates temperature in shalows aong the water's edge and in the doughs and sde
channelsthat are preferred rearing habitat because of lower water velocities,

Another contribution of the riparian system to the hedlth of fisheriesisthe spatid heterogeneity crested by
woody debrisand overhanging vegetation (Schlosser 1991). Such habitat components may provide escape
cover for sdmon and steelhead fry.

Cut banks, regardless of the presence of overhanging vegetation, may be preferred by salmon and steel heed
fry. A DFG study compared three pairsof natural cut bank and artificid rock revetment sites, finding about
three times as many samon and steelheed fry near the cut banks (DFG 1982). The survey dso found a
higher diversity of fish speciesnot characterigtic of sdmon and stedhead Streams et therock revetment Sites,
suggesting increased salmon smolt predation and competition for food.

Spawning substrate- Gravel recruitment to salmon and stee head spawning beds
has been hdted by ShastaDam. The problem is most acute in the uppermost 15 miles of the river where
thereisan absence of tributary streams capable of providing grave totheriver. Many tributarieshave been
mined for decades, reducing bedload replenishment to theriver.

To date, two basic types of gravel restoration projects have been conducted: direct engineered placement
of gravd intheriver bed by heavy equipment and stockpiling gravel on the bankswhereit can replenish the
bedload under high flows. The grave placement projects have demongtrated the following problems:. (a)
engineered riffles are placed during lower flow conditions, making them ungtable & high flows and

potentidly causng mortdity to the early life sages in the shifting gravd; (b) placements contain large
depressionsand unnatural irregularitiesthat isolate and strand juvenileswhen theflows areramped down to
€elevations bel ow the congtructed gravel deposit; and (c) the operation of heavy equipment in theriver, while
placing grave, discharges sediment above protection standards of downstream municipa water suppliesand
natura spawning aress.

Placing gravel in areas whereit will be distributed naturaly by floodflows costs less and does not creste
biologicd and water quaity problems. Because the gravd is replenished at high flow, the river has the
capacity to dilutefine sediment and prevent it from depositing on downstream spawning rifflesor exceeding
water quaity criteria. The gravel used for bedload replenishment at high flow does not have to be washed.
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Tracer rock placed into stockpiles indicates sgnificant distribution with flows of 20,000 cfs and complete
digtribution when the 1993 flows ranged between 30,000 cfs and 40,000 cfs.

To ensure sufficient gravel suppliesfor theriver, aggregate management plans should be in the countiesthat
have streamsthat are mined for gravel (California Department of Water Resources[DWR] 1994). Gravel
mining operations have to be modified to prevent formation of migration barriers, destruction of spawning
habitat, and remova of spawning Sized-grave that would otherwiserecruit to theriver. Mitigation messures
include stopping dl ingream gravel mining or requiring the spawning-sized gravel to be reserved for fishery
projects. Streamsthat need aggregate management plansinclude Clear, Cow, Cottonwood, Thomes, and
Stony creeks.

Grave surveys have been conducted near Keswick Dam to estimatethe available gravel fromthe ACID's
damto Keswick Dam (Voge and Taylor 1987, Bigelow 1994). Good spawning substrateis predominately
composed of gravel and cobble (90-100%), 1-6 inches in diameter, with most 24 inches with scarce
bouldersor fines (Voge and Taylor 1987). Bigdow'sestimate of good gravel between Keswick and Jly's
Ferry was 1,149,000 ft? and Vogel and Taylor's was 1,170,000 ft2. This suggests thet at the current
sdmon and steelhead population levels, spawning habitat probably is not limiting.

Table 3-Xa2. Limiting factors and potential solutions.

Limiting factors Potentid solutions
Instream flows 1. Regulate CVP flow releases to provide adequate
spawning and rearing habitat

2. Avoid flow fluctuations to avert dewatering redds or
sranding or isolating adults and juveniles

3. Congder dl effects of flow on ecosystem

Water temperatures Maintain water temperatures at or below 56°F to at least
Bend Bridge to Keswick Dam except in extreme water
years

Passage at artificid imparmentsis 1. Correct migration problems a RBDD

Inadequate

2. Correct fish passage and other problems at the
ACID'sdiverson dam

3. Avoid entrapment of adults a Keswick Dam illing
basin
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Limiting factors Potentid solutions

4. Correct unscreened pump diversions

5. Correct problems at the GCID water diversions

Contaminants Remedy water quality problems associated with Iron
Mountain Mine and other toxic discharges

Effects of hatchery stocks on natura 1. Evaduate competitive displacement between hatchery
spawning stocks is unknown and natura stocks

2. Evduate displacement of natural stocks by hatchery
stocks

3. Maintain genetic diverdty in haichery stocks

4. Evduate disease relationships between hatchery and
natural stocks

Loss of riparian forests Restore and preserve riparian forests

Restoration Actions -

Action 1 Develop and implement a river regulation plan that balances carryover storage needs with
ingtream flow needs based on runoff and storage conditions.

Objective: Actively regulate river flows and reservoir storage in the upper mainstem Sacramento River
system to provide necessary habitat for the production of al races of chinook salmon, steelhead, and other
anadromous fish, consistent with sound ecological management principles.

Location Shagta Trinity Unit of the CVP.

Narrative description: Theseflow recommendations baanceingtream flow needsfor habitat with carryover
storage needsfor temperature control. They aredso intended to stabilize flows during important winter-run
chinook rearing and spring-run and fal-run chinook spawning periods immediately after the irrigation
season. Recommendations are listed in Table 3-Xa-3%

! The algorithm described here does not account for the ramping down of flows at the end of the irrigation
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Thedgorithm for flow isbuilt on the minimum flow and carryover requirementsestablished inthe Biologicd
Opinion (BO) for CVP and State Water Project (SWP) effects on Sacramento River winter-run chinook
salmon (NMFS 1993) and Water Rights Order 90-5 gtipulating minimum ingream flows. The BO dso
requires a minimum indream flow of 3,250 cfs from October 1 to April 30 and temperature control

operation from May 1 to September 30 (NMFS 1993).

The recommended flows are based on runoff from a criticaly dry year and on maintaining astablerelease
throughout the period. However, water project operations will require flow increases under wet runoff

conditions to control downstream flooding, and flow decreases if the runoff is less than criticdly dry to
produce conservation storage. The recommended timeto address concernswith runoff drier than criticaly
dry isJanuary 15 when approximately 40% of the wet season runoff has occurred. Therecommended flow

reduction is 275 cfs to make up for the increment of lost runoff between a criticdly dry and extreme
criticaly dry water year (driest 5% of record), thereby producing reservoir storage sufficient to reach the
3.0to 3.2 maf target by April 30. Reducing the flow during the wet season can cause reductions in the
wetted perimeter of the spawning grounds and result in stranding and dewatering of the sdlmoninimmobile
ealy life gagesthat cannot follow the receding water. Managing flow reduction at mid-January produces
the least amount of stranding risk during the wet season; but there are ill 10% of the late fdl-run sdmon
and 40% to 60% of the fall-run sdmon a immobile early life stages (Voge and Marine 1991).

season in early October or the ramping up at the beginning of theirrigation season in late April.
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Table 3 Xa 3. Minimum recommended Sacramento River flows (cfs) at Keswick Dam
for October 1 to April 30 based on October 1 carryover storage in Shasta Reservoir

and criticaly dry runoff conditions (driest decile runoff of 2.5 maf) to produce a
target April 30 Shasta Reservoir storage of 3.0-3.2 maf for temperature control

Carryover storage (maf) Keswick release (cfs)

1.9 3,250

2 3,250
2.1 3,250
2.2 3,500
2.3 3,750
2.4 4,000
25 4,250
2.6 4,500
2.7 4,750
2.8 5,000
29 5,250

3 5,500

Theflow recommendations are based on historical operations of thewater project. Future changesin water
project operations could become an obstacle to implementing flow recommendations, especidly changes
that increase in the transfer of storage from Shasta Reservoir to off-stream reservoirs (e.g., San Luis
Reservoir and other proposed projects). The transfer of storage during the early part of the wet season
would reduce the probability of attaining the Shasta Reservoir storage target in April needed to provide
temperature control. Even without changesin operations, the actud implementation of the flow regimeis
expected to vary from that proposed due to uncontrollable factors such asthe quantity and timing of runoff.
However, by basing the flow recommendationson criticaly dry runoff conditions, the proposed operation

carryover - 3.2 maf (target) + 2.5 maf (inflow)
Flow = 211 days
1.98x10° maf/day
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should be able to maintain the balance between instream habitat and reservoir storage for temperature
control.

Discussion: Theriver regulation program for Keswick and Red Bluff dams, during the May through
September irrigation season, generally does not need to be integrated with any of the habitat requirements
other than temperature and outmigration flows. The seasond irrigation releasesfrom the Shagta Trinity Unit
of the CVP providethe flows needed for temperature control for winter-run chinook salmon, asdescribed
below for Action 5, upper mainstem Sacramento River.

The source of the flows on an annud basis includes Shastaand Trinity reservoirs and, to asmaler extent,
Whiskeytown Reservoir. During the wet season, Shasta Reservoir supplies gpproximately 80% of the
water (with the exception of Trinity Reservoir flood control releases) because most of the Trinity basin
water export is concentrated in the dry season when the needs and financia returns are grester. During
drought cycles, Trinity River water exports are reduced during the wet season such that it generdly
approximates 10% of the Sacramento River flow. During the dry season, the Shasta Reservoir Hill
contributes an average of 75% of the Sacramento River flow with the balance coming from Trinity and
Whiskeytown Resarvoirs.

No algorithm exists that combines water year type, previous year carryover, and other variables such as
weather and project operations to provide an end of water year carryover target. The decision-meaking
process for alocating the water supply available to CVP contractors involves comparing the forecasted
conditionsresulting from drawing on storage during the existing water year with the risks of potentid impacts
in the following water year or years (USBR 1992). No current set rule curve or formd risk analysis has
been established to make that comparison and decison. However, the current process, which hasevolved
through 6 years of continuous drought, forms a basis for the dlocation decision.

Anagorithmto providereservoir storagetargetsis not recommended. Rather, assuggestedinthe BO, 1.9
maf should be the minimum carryover in critical operationa conditions (NMFS 1993). The methodology
used for determination of minimum carryover stiorage needswasan empirical, exploratory seasond irrigation
release from the Shagta Trinity Unit of the CVP to provide the flow needed for temperature control for
winter-run chinook salmon, as described below for Action 5, upper mainstem Sacramento River.

It may beimpossible to maintain aminimum carryover storage of 1.9 maf in the driest 10% of water years.
If the 90% probability of exceedance runoff forecast projects critical or extremely critical hydrologica
conditionsand the CV P operationsforecast projectscarryover storagelevelsin ShastaReservoir below 1.9
maf at the end of the water year, USBR mudt reinitiate consultation with NMFS prior to the first water
alocations announcement.

Theriver flow should be actively regulated to meet the ecologica requirements of dl the anadromous fish
that coexist in the Sacramento River, especidly speciesthat have suffered the greatest declines. In addition,
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thereisagod of managing theriver sysem a an ecosystem level, which includes dl organismsthat interact
in those environments located throughout the Centra Valey that are influenced by the Sacramento River
and its reservoir system.

Minimum flow requirements should alow salmon and stedl head to successfully interact with theoverdl river
environment. Judtifications for the recommended minimum flows are described be ow.

Releases of 5,500 cfswould provide astable river environment throughout the wet season when restricted
to water years having high runoff and storage conditions. As poorer runoff and storage conditions occur,
flows are reduced toward a minimum of 3,250 cfs (Table 3-Xa 3) to increase conservation storage for
future temperature control.

Compared to lower flows, 5,500 cfs provides good spawning conditions in the reach directly below
Keswick Dam, reduces the risk of redd superimposition, and increases the length of river with suitable
spawning temperature. This flow aso generdly wets the width of the river channd, providing extensve
rearing habitat to the riparian growth bordering the river and optimum cover for juvenilefish and increasing
aguatic insect production.

A flow of 5,000 cfsisthelowest release that produces comparetively little change in wetted perimeter with
increasing flows, which tends to reduce the risk of stranding juveniles and dewatering redds if flows are
temporarily raised and then reduced.

At 5,000 cfs, sdmon and steelhead are generdly discouraged from placing redds in the thalweg because
water velocities are too high. Locating the sengitive embryos in the thaweg can expose them to flood
control releases that could scour them out of the redds or crush them in the bedload.

The downstream migrant sdmon include fry and larger juveniles. Outmigration cues may include turbidity,
flow, and smaltification. During dry low flow years, there is an observed tendency for juvenilesto dday
downstream movement in the river above Red Bluff (USFWS 1988).

The effects of flow on outmigration is uncertain. Experiments are needed to empirically develop the most
effective pattern of springtimeflows. Onepossible practiceisto artificidly augment and intensfy turbid river
flows produced by small to moderate natural runoff events that occur between January 15 and May 15.
Theriver would be regulated in apattern that produced by the sorm to yield augmented test flows ranging
between 20,000-40,000 cfs as measured at Bend Bridge for a duration of 3-4 days. Thetotal volume of
water alocated for these flow experimentswould vary between 60- 120 thousand acre-feet (taf) depending
on water supply. The natura flow recession curve should be mimicked to avoid stranding; however, if itis
prolonged, the river flow should be ramped down as specified in Water Rights Order 90-5 (SWRCB
1990).
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Flood control operations are another feature of river regulation that may be atered to meet ecologica
requirements of the river if they do not interfere with the protection of life or property. To the extent
possible, flood control operations should attempt to produce thisrange of flowsto facilitate trangportation of
stockpiled gravel for spawning grave replenishment. For example, operationd flexibility may dlow higher
releasesfor shorter time periodsto produce flowsin thetarget range. These stockpiles should be replaced
S0 they can wash into the river during high flows.

Thelossof latefdl-run chinook redds during certain types of flood control operationsmay beminimized by
shortening flood release periods. When flood control rel eases extend for weeks beyond a storm period,
latefdl-run chinook begin to spawn on river flood terraces abovethe normd river channd wherether redds
become stranded when flood control operations cease. Flood control operations may, in some cases, be
ableto use ahigher release for ashorter period of timethat tracks closer to naturd storm events, if it isthe
operationa equivaent to lower releases for a longer period. However, this recommended gpproach

recognizesthe potentia for increased orchard seepage throughout the lower Sacramento River (drowning of

tree roots), which is normaly controlled with lower releases for longer time periods.

Predicted benefits: The proposed plan provides the most productive and stable environment that can be
attained under the reservoir storage, runoff, and project operation conditions during the water year.

Action 2: Develop a flow regime that imitates naturdl flow changes and avoids dewatering redds or
isolating or stranding juveniles on monthly and daily rates of change.

Objective: Avoid flow fluctuationsto avert dewatering redds or stranding or isolating adultsand juveniles.
Location Keswick Dam (river mile [RM] 307) to Princeton (RM 164).

Narrative description: Reducing the flows rgpidly or during months when a large portion of any race is
incubating can result in Sgnificant fish losses due to stranding and isolation. Small juvenilefish havelimited
ability to follow receding weters back to the river and the early life stages are completely immobile. The
types of channel morphology that produce the largest losses are large flat terraces, shallow sde channdls,
and shdlow nearshore aress, dl preferred rearing habitat for fry. Repesated flow fluctuations in these
shdlow habitats can cause Sgnificant cumulative mortdity .

Water project operations require two basic types of flow reductions throughout the year: 1) short-term
adjustmentsto accommodate changesin water demandsand 2) seasond adjusmentsthat reducetheflows
at the end of the irrigation season to begin storing wet season runoff (USBR 1992). There is a specid
problem associated with operation of the ACID's dam when flow reductions are made at Keswick Damto
accommodate adjustments of the flashboards (see action item for the ACID). To control damagesto the
fishery, different operational measures must be taken for the different types of flow reductions.



3-Xa-20 WORKING PAPER ON RESTORATION NEEDS

The short-term flow adjustments are limited to 15% in a 12-hour period (2.5% per hour) under the water
rights for Shasta Dam (Water Rights Order 90-5) and the BP (NMFS 1993). In the years following the
1977 drought, low fluctuating flows between 3,000 and 6,000 cfs became acommon occurrence during the
wet season for the firgt time in the history of the project. Monitoring of these flow fluctuations reveded
serious reductions in wetted perimeter of the spawning and shalow nearshore areas requiring dower
ramping rates. The recommended ramping rates are 200 cfs per night when river flows are between 6,000
and 4,000 cfsand not more than 100 cfs per night at flows below 4,000 cfswherethelargest rate of wetted
perimeter reduction occurs (DFG 1992 and stipulationsof NMFSBO). Sdmon fry have been shownto be
lesssusceptibleto lossif the waters are receding during the night (Olsen and Metzgar, Draft) whenthereis
reduced predator efficiency.

The seasond flow adjustiments are generdly characterized by a flow reduction in fal at the end of the
irrigation season when the weether cools and a so during thetime when temperature control releasesare no
longer needed. The best management practiceto avoid significant reductionsin thewetted perimeter of the
spawning area during fal and winter isto maintain aflow above 5,000 cfs without any fluctuations (other
than flood contral). When limited reservoir water supply requires|ower flows (Table 3-Xa 3 flow section)
the best management practice is to establish as early as possible a flow that is the minimum that can be
maintained throughout the incubation period without any fluctuation. This is Smilar to the Agreement
concerning the Operation of the Oroville Divison of the SWP (1963). Because the recommended flow
schedule for the wet season is based on critically dry runoff, it ensures that the selected flow can be
maintained throughout the incubation period in 90% of the water years.

Scheduling seasond flow reductionsto occur in thefirst week of October ensuresthat approximately 90%
of the fal-run spawning activity occurs a a stable flow. Spring-run salmon are the only race congstently
incubated at flows much lessthan they are spawned a because they dl spawn during highirrigeation releases
and incubate at lower post-irrigation season flows, making their redds susceptible to dewatering & flows
less than 5,000 cfs. After the irrigation season resumesin spring, the flows steedily increaseto levelsthree
to four timesthat during the normal wet season releases, diminating risksto early life sagesof late- fdl-run,
winter-run, and steelhead present at that time,

Predicted benefits. By integrating measuresinto the water project operation, losses due to stranding and
isolation can be avoided for dl of the races of sdlmon and stedhead except for spring-run chinook.

Avoiding flow reductions during incubation prevents reductions in the interchange of surface flow to the
intergravel environment of theredd, yidding larger hedthier fry from the spawning effort (Relser and White
1990). Stahilizing flowsin the nearshore areas and side channels maintainsthe best rearing habitat available
intheriver.

Action 3. Complete an integrated instream flow incremental methodology study (IFIM) to refine ariver
regulation program that actively ba ances fishery habitat with the flow regime, including needs for adequate
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temperature, flushing flows, outmigration, channel maintenance, atraction flows, and maintenance of a
riparian corridor.

Objective: Regulate CVP releases to provide adequate spawning and rearing habitat for sdmon and
sedhead and to minimize flow fluctuations to avoid dewatering redds and stranding or isolating adult and
juvenilefish.

Location Upper Sacramento River from Keswick Dam to Hamilton City.

Narrative description: Between 1985 and 1990, DWR and DFG carried out acooperative study (Phasel
report) to collect the hydrologic and physicd data for an IFIM study of the upper Sacramento River
between Keswick Dam and Hamilton City (DWR 1993). This study, together with other evauations,
represented the first phase of a process that should ultimately lead to a multiagency recommendation for
modified flow releases from CVP projects to the upper Sacramento River.

The primary objective of the Phase | report wasto present an estimate of the amount of habitat for fal-run
chinook salmon available at various streamflows.

The fish habitat versus streamflow relationships developed in the Phase | report provide only part of the
information needed to make flow decisions. Further work should integrate the following additiona topics
with the habitat modd in order to make gppropriate flow decisons. (1) habitat modes for late fal-run,
winter-run, and spring-run chinook salmon; (2) timing of chinook saimon life stages; (3) spawning and
rearing locations, (4) water temperature; (5) tributary inflow; (6) water qudity; (7) agriculturd diversons,
(8) redd dewatering; (9) adult and juvenile stranding; (10) changes in subgtrate due to recent grave
restoration work; (11) potentiad changes in cover due to riparian vegetation restoration plans, and
(12) outmigration. Fow needsfor other, sometimes competing purposes, such asfor other wildlifepedes
water supply, power generation, and maintenance of Deltawater quaity, should aso be consdered inthis
process.

Predicted benefits. Defining and implementing the "optimum flow" for anadromous fish in the upper
Sacramento River would be amagjor step in maximizing the river's capacity for natura fish production.

Action 4. Manage flow to restore riparian vegetation.
Objective: Condder dl features of how flow influences ecosystem.

Location Red Bluff at RM 242 to Chico Landing at RM 204.
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Narrative description:  With control of the Sacramento River, flow patterns no longer resemble the
hydrology that hel ped to establish and maintain riparian forests. Because our knowledge of the dynamics of
Sacramento River riparian forestsis limited, we suggest the following actions:

#  Expeimentd springtime pulseflowsto assst juvenile sdmonid outmigration should aso atempt
tomimic historica patterns of flooding followed by decreasing spring flows; they dso establish
and maintain riparian vegetation. The present patterns increase rather than decrease flowsin
spring, but the succession of riparian plant communitiesis better facilitated by decreasing flows.

Flushing flows are needed to manage sedimentation and are therefore beneficid to both fish
and riparian communities.

# A hydrologic model should be developed for ameander belt from Red Bluff to Chico Landing.

Discusson: Many factors have resulted in congderable reduction in the amount of riparian habitat
aong the Sacramento River. Agricultura conversonisthe principa reason for the decline. Completion of
Shasta Dam as part of the CVP fostered further conversions of habitat to agriculture as decreasing flood
risksalowed the planting of orchardsand row cropsin the historical floodplain. Bank protection aso fos-
tered conversion of forests by reducing bank erosion and meandering. The CVPdtered theriver'snatura
flow regime and sediment transport characteristics, changing patterns of forest regeneration. Operation of
flood control projects, primarily south of Chico, with their associated systems of welrs, levees, bypasses,
and bank protection, precludes the reestablishment of a dynamic riparian ecosystem. Other current and
historica factors contributing to the degradation of the riparian system include timber and fud harvestingand
urban and resdentia development.

For mogst of the length of the river below Colusa, many of these factors currently preclude the
reestablishment of an active meander zone. The Sacramento River Flood Control Project directs
floodflows away from the leveed main channd, leaving only smdl remnants of riparian habitat south of
Colusa. Although theriver isnot meandering in these reaches, vauable habitat remains, providing benefits
to sdmon and other wildlife species and opportunities for improvement.

Predicted benefits: Thereestablishment of ahedthy riparian syslem aong the Sacramento River would have
severd postive impacts on salmonid populations. These include: 1) maintaining channd configurations
suitable for cresting spawning riffles; 2) supplying gravel from eroding banks for the creation of spawning
riffles; 3) supplying woody debristhat provides habitat for juvenilefish and asource of organic materia for
aquatic invertebrates, 4) supplying a renewable source of shaded riverine aquatic habitat; 5) supplying
terrestrid invertebrate food for juvenile fish; and 6) moderating the temperature regime of the river,
particularly the near shore and backwater areas.
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Action 5: Maintain water temperatures at or below 56° F from Bend Bridge to Keswick Dam except in
extreme low water years.

Objective: Develop awater management plan that will ensure USBR=s ability to provide cold water during
critical months and budget cold water reserves in reservoirs to maximize surviva during critical months.

Location Keswick Dam at RM 302 to RBDD at RM 242.

Narrative description Water temperatures in the Sacramento River are a mgor limiting factor to the
maintenance of winter-run chinook salmon, spring-run chinook salmon, and, to a lesser extent, fdl-run
chinook salmon (NMFS 1993, USBR 1992, USFWS 1987, DFG 1992). By providing temperature
control at ShastaDam, it ispossible to compensate for the spawning grounds now blocked by the dam that
higtorically maintained winter-run and spring-run chinook salmon during summer. In addition, temperature
control actions maintain fal-run chinook salmon by overcoming the delayed cooling of the river that the
reservoirscauseinfal. Thehistorical water project operations and temperature modeling demondtrate that
the Shasta- Trinity Unit of the CVP has the capability of controlling water temperatures in the 60 miles of
river between Keswick Dam and RBDD under typica runoff and storage conditions (USBR 1992).

Over thelast 20 years, various scientific studies and regulatory actions have established that 56° F isnesded
for successful incubation (Seymour 1956 as cited by DWR 1988, USFWS 1987, Water Rights Order 90-
5, NMFS 1993). Controlling temperaturesto a"daily" average of 56°F onthelongest length of spawning
grounds that the storage and runoff conditions will alow requires the following actions

# Attain optima management of the cold water supply available in the reservoir system by
ingtalling and properly operating the Shasta Temperature Control Device and the temperature
control curtainsin Lewiston and Whiskeytown Reservoirs pursuant to Water Rights Order 90-
5). Prior toingtallation of the device, operatethelow leve outletsthat bypassthe powerhouse
bypass.

# For each race of sdmon, establish a temperature compliance point that will attain 56°F
throughout the incubation period of each race as determined by available sorageasshownin
Table 3-Xa4 pursuant to the BO (NMFS 1993).

# Conserve sufficient Shasta Reservoir storage by the end of the water year so that in the next
water year a least 90% of therecorded runoff conditionswill refill thereservoir to the point the
cold water supply will yield atemperature of 56°F intheriver reach where 90% of winter-run
Incubation activity occurs (above Jdly's Ferry). Specificdly, Shasta Reservoir should be
operated to attain a minimum October 1 carryover storage of 1.9 maf under dl runoff
conditions except the driest 10% of the water years.
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Table 3-Xa4. Water temperature control points for winter chinook saimon
in the upper Sacramento River as afunction of operationa environment
(carryover + Shagtaiinflow from October 1-February 1 and on April 1)
related to Bend Bridge (RM 258) and Jely's Ferry (RM 267).
Operationa Operationa
Environment environment
(mef) (maf) Control Temperature
February 1 April 1 point Inclusve dates (°F)
>3.03 4.33> Bend Bridge April 15 - September 30 <56
>3.03 4.33> Bend Bridge October 1 - October 31 60
2.54><3.03 3.17><4.33 | Bend Bridge April 15 - August 31 56
2.54><3.03 3.17><4.33 | JMly'sFery | September 1 - September 30 56
254><3.03 | 3.17><4.33 | JHlysFery October 1 - October 31 60
2.38><2.54 2.82><3.17 | Jly'sFerry April 15 - September 30 56
2.38><2.54 2.82><3.17 | Jly'sFery October 1 - October 31 60
<2.38 <2.82 Meet Deltawater quality standard

Water alocations in spring should be based on a 90% exceedance forecast to reduce the risk of over
alocating water supplies and missing the carryover storage target (NMFS 1993).

#  Attain optima operationsand planning of the annua cold water budget by using atemperature

model on adally time step modd, monitoring temperature (Clean Water Act, Water Rights
Order 90-5), and scheduling the Trinity River diversion to the Sacramento River to providea
temperature benefit.

All exiging and future discharges of municipa and industrid waste that could add heet to the
river, aswell aswater projectsthat could reduce theflow of theriver and increaseitsheet gain,
must attain emperature objectives established in accordance with the Clean Water Act.

Specificaly the Basn Plan for the Centrd Valey Regiond Water Quality Control Board
provides that "temperature shal not be eevated above 56° F in the reach between Keswick
Dam to Hamilton City and 68°F in the reach between Hamilton City and the | Street Bridge"
(Sacramento). The reach below Hamilton City is a migration corridor and rearing area for
samon.

Discusson Fisheriesexpertshaveidentified water temperaturein the upper Sacramento River asa

critica factor in the decline of winter-run chinook sdmon. During most years, winter-run chinook sdmon
are unable to spawn successfully below RBDD because of lethal temperatures (Hallock and Fisher 1985).
In recent years, drought conditions have resulted in letha temperatures above the dam aswell.
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Coombs and Burrows (1957) found that water temperatures between 43° F and 57.5°F are optimal for
chinook egg devel opment dthough aliterature review conducted by DWR indicated that the optimum range
of temperature for development through the emerged fry stage may be bound by 56°F on the upper end
(Seymour 1956 as cited by DWR 1988). Water temperature of 62°F is believed to produce 100%
mortdity.

Water temperature in the upper Sacramento River varies with location and distance downstream of
Keswick Dam, depending on hydrologic conditionsand operation of the Shastaand Trinity Divisionsof the
CVP. Water temperatures between Keswick Dam and RBDD are influenced by meteorologica conditions,
tributary inflows, volume of water released from Keswick Dam, temperaturedidributionintheresarvair, the
ratio of Spring Creek Power Plant release to Shasta Dam release, and depth of release from both Shasta
and Trinity dams. Water released from Keswick Dam generdly warms asiit travels downstream during
summer and early fdl months.

Thereservoir system provides|large reserves of cold water that can be tapped in aplanned fashion. During
most years, cold lakewater and largeirrigation flows provide sufficient therma massand rgpid travel timeto
prevent excessve heat gain in the firg 40-60 milesbelow Keswick Dam. Thus, the project canmaintaina
temperature regime suitable for the spawning and incubation of salmon over an area thet is roughly
equivaent to that found in the mountainous reaches of the river syslem now blocked by the dam.

During the past 5 years, USBR, in coordination with the multiagency Sacramento River Temperature Task
Group, has devel oped temperature operationa plansfor the Shastaand Trinity Divisonsof the CVP. From
1987 to 1994 USBR hasimplemented plansto provide for temperature protection for winter-run chinook
sdmon while still meeting other project purposes (USBR 1992; pages 33-36). The task group meets
annudly to discuss operationd dternatives, new objectives, biologica information, and status of water
temperatures. Once the task group has recommended an operation plan for temperature control, USBR
then submits a report on the operation plan to the SWRCB generaly on or before June 1 each year.

Operationd plans have included releases of water from upper and lower outlets at Shasta Dam, releases
from the lower outlet on Trinity Dam, and manipulation of the timing of Trinity River diversons and

Whiskeytown Reservoir flood control drawdown. Thelower outlets on Shastaand Trinity dams havethe
ability to gain access to deep, cold water in the reservoirs. However, water released through the lower
outletsis unavailable for hydropower generation, and power generation is not possible from upper leve

outlet releases on Shasta Dam. Warmwater releases from the upper level outlets have been made to
conserve cold water in Shasta L ake for temperature control operations during late summer months and to
induce winter-run chinook salmon to spawn as far upstream as possible.
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Action 6: Raise RBDD gates during primary chinook adult and juvenile migration periods.

Objective: Provide unimpeded adult and juvenile passage past RBDD and decrease juvenile mortdity
associated with predation.

Locationn RBDD, RM 243, Red Bluff, Cdifornia

Narrative description: Thisaction requiresraising the dam gates at minimum from September 15to May 15
each year to benefit al chinook salmon runs and steelhead by providing unimpeded passage (Table 3-Xa-
5). Raisngthedam gatesat RBDD isaproven, atainabletechnol ogy that alows unimpeded fish passagein
the Sacramento River at Red Bluff. Theriver returnsto anatura configuration that avoids mortdity of adult
and juvenile saimon, provided protective neasures are incorporated into the dternate water pumping
system(s). The seasond removd of the dam a Red Bluff dlows fal-run and spring-run chinook salmon
access to an additiona 3 miles of habitat.

Table 3-Xa5. Percent of adult and juvenile chinook salmon runs and steelhead
passing RBDD from September 15 to May 15 (DFG 1991).

Chinook salmon run
Fdl® Latefdl Winter Spring
Life dage Steelhead
Adults 75% 100% 89% 19% 84%
Juveniles 89-64%" 74% 74% 100% --¢

& Juvenilesincudes only those emerging above the dam.
Values represent wet and dry years.

¢ No egimae of juvenile stedhead passage has been made because of difficulty in differentiating from
resident trout.

Discusson Fishladdersat RBDD are inefficient at passing migrating adult sdmon (Hallock et .
1982; Vogd and Smith 1984; USFWS 1987, 1989, 1990; Vogd et d. 1988). Thisresultsin significant
delays and blockage of upstream migrating chinook salmon and stedhead, causing increased spawning
downgtream in waters previoudy too warm for successful egg incubation. Delay a the dam can produce
elevated dress conditions in the adult sdimon, especialy when water temperatures dong their migration
passageway's approach the upper limitsof their temperaturetolerance. Radio telemetry studiesto evaduate
passage of adult sdlmon reported up to 40% of radio-tagged winter chinook and 33% of late fal-run
chinook salmon were blocked by the dam (Hallock et d. 1982, Vogel et a. 1988).
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Since 1987, USBR has raised the RBDD gates for a variable and significant portion (80%) of the
nonirrigation season, alowing free passage of adults during that period. Upstream progress of latefal-run
and winter chinook salmon as they approach and pass RBDD was monitored yearly from 1986 through
1991 by USFWS. Andysis of the data have shown that raising the RBDD gates during the nonirrigation
season dramaticaly improves upstream fish passage (Northern Centra Valey Fishery Resource Office,
USFWS, Red Bluff, California, unpublished data).

Problemsin passage of juvenile sdmonids has aso been reported (Vogel and Smith 1984; Hallock 1989;
USFWS 1987, 1989, 1990; Voge et d. 1988). A cause of mortality in juvenile chinook sdmon isthe
dysfunctiona predator-prey relation crested by RBDD, largey from the Sacramento sguawfish
(Ptychocheilus grandis) (Vondracek and Moyle 1983, Vogel et a. 1988). The piscivorous nature of
Sacramento squawfish, aswell asits preference for sdmonids, iswell documented (V ondracek and Moyle
1982, 1983); however, it has not been systematicaly studied immediately below RBDD (Garcia 1989).
The Sacramento squawfish is a native species that co-evolved in the river with chinook sdmon and
gedhead. Inthenaturd free-flowing river setting, the predator- prey relationship between the Sacramento
squawfish and the native sdmonids isintact and has no sgnificant effect on salmonid populations (Brown
and Moyle 1981). Artificid structures, however, can provide increased feeding and ambush settings,
creating an unnatural advantage for predators. Other piscivors present below RBDD include striped bass
(Morone saxatilis), rainbow trout and steelhead (Oncorhynchus mykiss), and American shad (Alosa
sapidissma), aswell as numerous other fish and bird gpecies.

Thejuvenile passage problem at RBDD istwofold: upstream movement of piscivorousfishesisobstructed
by the dam, causing fish to accumulate downstream, and juvenile salmon are disoriented from passing under
the dam gates or through the bypass system, making them vulnerable to predation or injury. Vogd et d.
(1988) found that mortality attributable to physica injury from passage under the dam gateswas negligible
(at or near 0) and mortdity dueto passage through the Tehama- Colusa headworksfish bypass sysem was
measurable (1.6-4.1%). To edtimate totd mortdity during dam passage, Voge smultaneoudy released
known numbers of juvenile hatchery sdlmon immediately above and below RBDD. Fish released above
RBDD were recaptured 16% to 55% less than those released below the dam in this experiment. Some
releases of hatchery fish above RBDD have contributed 51% lessto the commercia and sport harvest than
releases below the dam (Northern Centra Vdley Fishery Resource Office, USFWS, unpublished data,
1991). Vondracek et a. (1991) estimated an annual loss of 1-6% to juvenile downstream migrantsduring
passage at RBDD due to Sacramento squawfish predation; however, peak estimates of mortdity in April
and May were as high as 80%.

Theingallation of the new fish screening system may reduce entrainment and predation of thosefishthet are
diverted into the Tehama- Colusa Cand forebay athough the effectiveness of this new fish bypass system
has only been partialy evaluated (Big Eagle et a. 1993). More symptometic of the extent of the predation
are surface andin situ observationsby USFWS's scubadivers of concentrations of Sacramento squawfish
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feeding immediately below the dam. This suggests a Sgnificant predation problem on juvenile migrants
passing under the dam gates. New information suggests that more significant mortaity may be associated
with juvenile passage under the dam gates. Rotary-screw traps operated below RBDD during August and
September 1994 experienced high leves of juvenile sdmonid mortdity (resulting from passage under the
dam gates) in their catch. After the RBDD gates were raised in September, mortaity became negligible
(USFWS 1994). These prdiminary findings are under further investigation but do suggest that juvenile
mortality during passage may have other causes, or that predators are benefiting from prey aready dead or
injured. Predation aso occurs in the Red Bluff Reservoir where there are populations of black bass and
other predators, not typica of ariverine habitat.

It was recommended by Voge et d. (1988) that measuresto control predation by Sacramento squawfish
should be developed at RBDD. Some of the suggested measures were to trap and remove Sacramento
squawfish from the fish ladders, use physica methods to disperse Sacramento squawfish below the dam,
develop acommercid or sport fishery for Sacramento squawfish, or reduce Sacramento squawfish holding
areas below RBDD. The god of trapping and developing commercid or sport fisheries for Sacramento
squawfish would be to remove a portion of the accumulated squawfish below RBDD, which theoreticaly
would increasejuvenile sdlmon survivd, thereby increasing the number of adult simon returning totheriver.
Trapping Sacramento squawfish in thefish ladderswould havelittleimpact on numbersimmediately below
the dam asit removes Sacramento squawfish that have dready left that area. New fishways, designed to
improve samon passage, might a so improve Sacramento squawfish passage; however, thisisspeculative as
the biologica criteriafor Sacramento squawfish passage have not been devel oped.

Commercia fishing was evaluated in 1989 (Leveen 1990). Leveen used trgpsand hook and line methods
to capture Sacramento squawfish. He caught 620 Sacramento squawfishimmediately below RBDD inan
undetermined amount of time using hook and line methods, he dso caught 20 sdmon. 1n 660 trap-days,
3,423 fish (mostly hardheads) were captured, including Sacramento suckers(31), tule perch (16), and carp
(2. Contamination of Sacramento squawfish flesh by high levels of dioxin from upsiream pulp mills
terminated the project. The levels are now reduced to the point they may not interferewith acommercia
fishery, but the Cdifornia Department of Hedlth Services has not determined if the fishery is suitable for
commercidization.

It isunlikely a sport fishery could remove enough Sacramento squawfish to make ameasurable impact on
juvenilesalmon surviva. Sacramento squawfish are more abundant a RBDD in spring (Vogel et a. 1988)
but soring remova may only temporarily decreasetheir abundance. Thisisbecause Sacramento squawfish
are highly migratory and would repopulate the areabelow RBDD. Hence Sacramento squawfishremova
would be acontinuous process. Additionally, aspring fishery would likely incur an unacceptableincidenta
catch of threatened winter-run sdmon. Sacramento squawfish are most abundant in the tallrace area
immediately below the dam gateswhere disoriented prey areavailable. Boatsare unsafein the swift tailrace
water immediately below the dam precluding entry by sport anglers.
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The best long-term solution for improving or diminating the dysfunctiona predator- prey relationship would
be the removd of feeding habitat in Red Bluff Reservoir and below the dam by seasondly or permanently
rasing the dam gates during the nonirrigation season.  This alows free passage of juvenile sdmon and
Sacramento squawfish in near naturd river conditions where the native predator-prey reationship has
sugtained itsdlf for thousands of years. Thisis aknown technology with easily understood benefits.

Predicted benefits Upper Sacramento River sdmon populations declined an estimated 114,000 fish

(57,000fal-run, 17,000 latefal-run, and 40,000 winter-run chinook) between 1969 and 1982 because of
passage problemsat RBDD (Halock 1987). Theselosses have reduced thesport and commercid fisheries
by about 228,000 salmon ayear. Raising thedam gatesfor 8 months per year benefitsal adult and juvenile
chinook samon runs and steelhead because negligible mortdity is incurred a the dam. Supplementa

pumping that occurs during the gates-raised period can have an impact on sdlmon located aong the bank
unlessmanaged properly. Allowing spring-run and fall-run sdlmon to spawn by not inundating the spawning
bed should remove a mitigetion obligation for the Red BIuff project specific to the Tehama-ColusaFish
Fadility.

Action 7: Completethe processto find final solutionsto passage problemsat RBDD and improve passage
conditions beyond opening the dam gates longer than 8 months.

Objective: Correct problemsat RBDD.
Location RBDD, RM 243, Red Bluff, Cdifornia

Narrative description: Thisaction calsfor finding solutionsto passage problemsthat will benefit thefishery
resource beyond opening the gates 8 months per year. During the 8 months of the year thegates are open,
there are no fishery problems associated with the RBDD. The following is a recommendation summary,
based on current literature findings, for actions needed to monitor and evauate exigting fish protection
facilitiesand to provide additiond datarequired to make defens ble decisonsregarding solutionsto passage
problems at RBDD:

# USBR should continue to monitor entrainment past the rotary drum screensto evauate long-
term screening effectiveness.

# USBR should continueto ingpect the screensin situ (SCUBA) to evauate the durability of the
sedls and accumulation of St in front of screens.

# USBR should measure screening efficiency by exposing aknown number of fishto the screens
and then measuring the number bypassed to the river or entrained in the cand.
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USBR should make ingpections of the screens during high flows with the release of aknown
number of juvenile sdlmonids into the forebay to determine the likeihood of impingement.

USBR should eva uate predation on juvenile sddmonidsin the forebay and at the bypass of the
rotary drum screens.

USBR should evauate trash deflectors in front of Tehama-Colusa Cana headworks to
determine fish deflector qualities.

USBR needs to develop the ability to make red-time observations of screen seting during
screen replacement.

USBR should eva uate the effectiveness of screenson the centrifugd pumpslocated in theright
bank fishway.

USBR should evauate piscine predetion in Red Bluff Reservair.
USBR should continue to turn off RBDD high-intengity lights to reduce predation.
USBR should evauate bird predation at RBDD.

USBR should develop, with the cooperation of USFWS, NMFS, and DFG, standard
operating procedures for monitoring, maintenance, and operation of fish protection facilities.

USBR should continue to use gate 6 fish ladder as an interim measure until find resolution of
RBDD's fish passage problem.

USBR should evauate entrance modification to the west fish ladder entrance to optimize
hydraulics.

USBR should develop delay versus percent fish ladder discharge modelsby run. Includeany
new datain modd development.

USBR should explore feasihility of an experiment to increase supplementa flows in the fish
ladders and, if feasible, conduct this experimen.

USBR should evauate mortdity of juvenile sdmonids through the fishway civil works.
USBR and the fisheries trustees should give proper condderation to the concerns of the

community and their desireto keep Red Bluff Resarvoir intact aslong asaviablefishery can be
assured.
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# USBR should develop delay versus percent fish ladder discharge models for upstream
migrating stedhead.

# USBR and thefisheriestrustees should give proper consideration to the temporary remedy of
the gates- out modification from September 1 to May 30, dong with modification to fish ladders
to improve adult passage.

Discusson Fish passage studies have been conducted at RBDD since the early 1980s (Halock
1981; Hallock et a. 1982; Vondracek and Moyle 1982, 1983; Vogel and Smith 1984, 1985; Vogel et d.
1988; USFWS 1987, 1989, 1990). These studies identified numerous problems associated with fish
passage & RBDD. Raising the dam gatesisacompletely effective remedy that solvesal fishery problems
relating to the dam for al species of anadromous fish a dl life sages. The fish entrainment problem
associated with diverting water at RBDD through the ineffective louver and bypass system was essentialy
solved by inddling a state-of-the-art rotary drum fish screen in 1990. This screen system has, so far,
proven to reduce cand entrainment and mortaity of downstream migrating juveniles to near zero when
water isbeing diverted and the system is properly operated and maintained (Johnson 1991, 1993, BigEage
et a. 1993; Johnson and Croci 1994). Though remarkable progress has been made, additional studiesare
required to satisfy decision makers as to the permanent gpproach for dleviating passage problems. With
anadromous salmonid runsin serious decline, the sudiesmust be started as quickly as possbleto minimize
their population recovery times and lost use of these val uable resources.

The Red Bluff Fish Passage Program was undertaken to solve identified causes of declinesin anadromous
fish populations attributed to RBDD. This was a 5year study initiated in October 1983 to develop
methods to improve upstream and downstream anadromous fish passage a RBDD. The program is a
coordinated effort between USBR, USFWS, NMFS, and Department. USBR isthelead agency for the
program and the other agencies are participants. The purpose was to identify specific problems and
implement corrective measures. A final report was produced for downstream migrant and adult upstream
passage (Voge et d. 1988). Theresultsof thisreport form the mgor basisfor the recommendations under
thisaction.

Predicted benefits Upper Sacramento River sdmon populations declined an estimated 114,000 fish
(57,000fall-run, 17,000 latefal-run, and 40,000 winter-run chinook) between 1969 and 1982 because of
passage problemsat RBDD (Hallock 1987). Theselosses have reduced the sport and commercid fisheries
by about 228,000 salmon ayear. During the 8 monthsof the year the gates are open, there are no fishery
problemsassociated with the RBDD. Raising the dam gatesisacompletely effective remedy that solvesdll
fishery problemsrelating to the dam for al species of anadromousfishand dl life tages. However, current
gates-up operation isatrangent fix and fina resolution of passage problemsat RBDD thet will fulfill water
needs for domestic, agriculture, and wildlife are pending. The process must be expedited and brought
smoothly to closure so that benefits can be redized by Hill-viablefish populations. Asnew questionsarise,
USBR and fisheries trustees must collaborate with the interested publics to answer their questions and
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concerns. Acting in good faith to shareinformation and concernswill facilitate understanding and hasten the
reglization of restoration goals.

Action 8: Implement structurdl and operationad modificationsto eliminate stranding, toxic discharges, and
passage problems for chinook salmon and steelhead and improve screens.

Objective: Correct problems at the ACID's diversion dam.
Location Keswick Dam, RM 302, and the ACID's diverson dam, RM 299.

Narrative description: The ACID's diversion dam is a flashboard dam located on the upper Sacramento
River near Redding, at RM 298.5. Thiswasthe first dam on the Sacramento River, completed in 1917.
Approximately 175,000 af of water can be diverted annually to the ACID's main cand.

The dam is ingdled only during the irrigation season. Typica operations involve the ingdlation of
flashboards in the dam in early April and their remova in late October or early November. Ingtdlation,
remova, and mid-season adjustment of the flashboards are coordinated with flow reductions in the
Sacramento River provided by USBR at Keswick Dam.

High flowsmakeit physicdly difficult to ingal and remove the flashboardsin the dam using hand- powered
methods that date to 1917. ACID has historicaly indicated that 5,000 cfsis the maximum flow a which
personnel can safely removeor ingall the dam flashboards. On severd occasion, however, theflashboards
have been removed or installed at flows above 5,000 cfs.

Peast flow reductions to accommodate mid-season adjustments can cut theriver flow in haf. Reductions
have occurred in a matter of hours, dewatering redds and producing large losses of juvenile sdmonids
through stranding and predetion in isolated pools. The flow reductions for the ACID have not been
congstent with the water right permit conditions for operation of Shasta Dam.

Operationa modifications have successfully avoided the need to adjust the dam last year at flows between
4,000 and 14,000 cfs. Adjustment of the dam for flows less than 4,000 cfs can be accomplished without
changing the Keswick Dam release.

The cana system needs several standard operating procedures to prevent documented problems. These
include limiting waste gate flows to levels that do not attract sdmon and stedlhead from the river and
containing cand waters when toxic herbicides are present to prevent fish kills. The cand intakes at
Bonnyview Pumps and the main dam require maintenance and routine ingpection.

Further empirica work is needed before any operationa remedy isshown to be effective under al typesof
water years and water ddlivery demands. Once the ACID has determined the level of remediation it can
providethrough operationa changes, structural measures can be designed to achieve complete remediation.
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The following actions are proposed or have been enacted to reduce impacts of the ACID's dam on the
aguatic environmen.

H

#

Modify the dam 0 it is unnecessary to reduce Keswick Reservoir releases to accommodate
flashboard adjustment. Once modifications are shown to be successful, an agreement can be
reached clarifying the water rights settlement contract between USBR and the ACID.

If changesin structure and operations produce only atransitory remedy for river flowslessthan
14,000 cfs, other more cogtly dternatives need to be evauated, including ingdling large
automatic drum gates on the dam, ingtdling a large Archimedes screw pump station, or
supplementing cand flows with water pumped from other sources.

Modify catwaks at the ACID's dam to include a new and safer work platform on the dam.
M odernize the remova method for the topmost flashboard.

Investigate solutions to excessve rel eases from the cand to waste gates that attract adultsinto
the wasteways where they are stranded when the gates are shut off.

Modify fish screen at the headworks of the digtrict's canal to improve structurd strength.
Reduce or eliminate toxic dischargesto theriver and tributaries after application of herbicides.

Reduce or diminate stranding of adult chinook and steelhead attributable to cross connections
of the cand with tributaries.

Improve fish ladders a the dam to alow adult fish passage.

Discussion

Stranding - A safe catwak and easier flashboard remova isrequired to alow flashboard

extraction and replacement without changing Keswick Dam releases. The current catwalk isassfety hazard
because of its dippery surface; footing could be improved by covering the surface with nonskid meaterid.
Flashboards are currently removed by stabbing them with a pike-pole and prying them loose, aninefficient
procedure made more so by high flows. The uppermost flashboards could be modified to make their
removal easer at high flows by pegs attached to the upsiream face. Additiondly, if the ACID's operations
can be accommodated with fewer flashboards in place, creating alower head, the dam would not be as
sengtive to higher river flows.
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Crass connection of the cand with tributary streams during the nonirrigation season dlows adult fish to enter
the cana when it carries sorm water. Physica improvements will be necessary to eiminate this cause of
granding.

Toxic discharges - Improper gpplication of herbicides to the cana waters resultsin toxic
chemical concentrationsin river tributaries. Procedures have beeninitiated to contain toxic chemicasinthe
cand.

Fish screens - The cand screen has limited structurd strength that need reinforcement.
When it becomes clogged with aguatic vegetation or when there are rapid changes in flows, there is a
danger of faillure. To avoid catastrophic fallureof the screen, trip panelsare present that bresk away before
the structure fails, leaving the diverson temporarily unscreened.

Adult passage - The ACID's dam was a complete barrier to the upstream migration of
sdmon until aladder wasingdled in 1927. Since completion of Shastaand Keswick damsin 1942 cut off
al but 3.5 miles of the Sacramento River upriver of the ACID'sdam, the need for fish passage hasbeen to
provide access to spawning habitat between the dams and alow passageto afish trap at Keswick Damthat
serves as a collection facility for Coleman Nationd Fish Hatchery.

There are no passage problems for most adult fall- and late fal-run chinook salmon and most steelhead
trout because dam flashboards are removed during the nonirrigation season when these fish are migrating.
There are no known juvenile salmonid passage problems associated with the dam. The seasond presence
of thesmall dam has not created any congregationsof predatorsor good predator ambush habitat Smilar to
larger dams.

During the 6 months of the year the dam ispresent, it isapartia barrier to adult anadromous fish, including
winter-run chinook. There are smdl fish ladders located on each bank of the river that are ineffective
because they carry only 1-4% of river flow. Congruction of modern effective laddersis possible.

At thistime, progress on the needed fishery remediesis proceeding on acooperative bass. The ACID is
developing the necessary information to better operate and improve the facilities necessary to exerciseits
water right while minimizing impacts on the aguatic environment, consstent with settlement agreements
resulting from previous litigation.

Predicted benefits: Thisproject will avoid the unnecessary destruction of valuable sdmon and steelhead in
the Sacramento River. Thisincdudes avoiding loss of winter-run chinook samon, aspeciesthat islisted as
endangered by both the federal and state Endangered Species Acts.

Action 9: Construct escape channd from gtilling basin to the Sacramento River a Keswick Dam.
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Objective: Avoid entrapment of adults at Keswick Dam 4tilling basin.
Location Keswick Dam, RM 302.
Narrative description: Keswick Damislocated a RM 302 on the Sacramento River gpproximately 9 miles

downstream from Shasta Dam. The dam has no fish ladders and completely blocks further upstream
passage of migrating adult salmon and steelheed.

Keswick Dam was designed as aflow control structurefor the Sacramento River to stabilize uneven weter
releases from Shasta Dam.  Its congtruction, with a spillway, fishtrap, and power plant (75,000-kilowett
capacity), beganin 1941 and was completed in 1951. Itisaconcrete gravity structure 157 feet highwitha
crest length of 1,046 feet creating a 23,800-af reservoir.

Asdefrom receiving Sacramento River water rel eased from ShastaDam, the reservoir crested by Keswick
Dam aso recaivesinterbasin flowsfrom the Trinity River. Water fromthe Trinity River Basnisdiverted via
the Clear Creek Tunnel through the Judge Francis Carr Powerhouse into Whiskeytown Reservoir. From
here, Trinity River water can bediverted into Keswick Reservoir viathe Spring Creek power conduit to the
Spring Creek Power Plant.

The spillway located on the east Sde of Keswick Dam is used for flood rel eases and during power plant
outages. During norma power plant operations, thereisno flow through the spillway and the ftilling basin
below the spillway is elevated above the tailwater river channel by the spillway end sill and arock bench.
During normal power plant operation, the tailwater islower in the river channd than the spillway end s,
isolaing the dtilling basin from the river channd.

During a spill, the spillway end sill and rock bench become inundated, connecting the dilling basin to the
main river channdl. In past decades, the spills attracted migratory fish into the tilling basin where they
became trapped when the spills ended. Documentation of this phenomenon dates back to 1972. More
recent occurrencesinclude December 1990, February 1992, and September 1994. Although fykeweirsin
the shared dilling basin wall are intended to alow free passage of stranded fish into the fish ladder, testing
conducted in December of 1993 demonstrated that fish were also attracted into the stilling basin through
these fyke weirs.

The incidenta take statement in the BO (NMFS 1993) addressing the effects of the CVP on winter-run
chinook salmon requires USBR to sructuraly modify the silling basin a Keswick Dam to dlow free
passage of adult salmonids back to the Sacramento River. The proposed solution to this problem, agreed
to by the NMFS, DFG, USFWS, and USBR, involves excavating achanne from the spillway illing basin
through the spillway end sill and rock bench. Thismodification diminatesfish entrapment in the dilling basin.
The agencies a so agreed USBR should develop aninterim fish sdvage plan toimmediately removetrapped
fish from the basin following spills until the escape channd is congtructed.
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Predicted benefits: Adult sdlmonidswould have access back to the main river and would not belost to the
pawning population resulting from poor water quaity within the basin or losses associated with handling
during rescue attempts.

Action 10: Implement structural and operational modificationsto €iminate entrainment a water diversons.

Objective: Increase surviva of outmigrating anadromous salmonid stocks by correcting unscreened or
inadequately screened water diversons.

Location Numerousirrigetion diversions on the Sacramento River from Redding to its confluence of the
Feather River.

Narrative descriptionn. Numerous unscreened water diversons fom the Sacramento River and Delta
adversdy affect outmigrating juvenile sdmonids, including the endangered winter-run chinook sdmon. An
estimated 10 million juvenile sdmonidsarelost to unscreened diversons annudly (The Resources Agency
1989). There are more than 300 separate irrigation, industria, and municipa diversons adong the
Sacramento River between Redding and its confluence with the Festher River, diverting nearly 1.2 mef of
water annualy from April through October (The Resources Agency 1989). Therearean additiona 1,800
gmdler diversonsin the Sacramento- San Joaguin Delta, diverting gpproximately 1.6 maf annualy (DWR
unpublished report 1983).

Diversgonscauselossesof fishinthreeways. 1) direct entrainment of fishinto irrigation sysems, 2) physica

damage of fish through contact with poorly screened diversionsor bypass structures (impingement), and 3)
increased predation on juvenile sdmon dueto hydraulic conditions near thediverson. Thesetypesof losses
can occur at inadequately designed or poorly ingtalled screens as well as unscreened diversions.

The CVPIA authorizes USBR and USFWS to "assst the State of Cdliforniain efforts to develop and
implement measuresto avoid losses of juvenile anadromous fish resulting from unscreened or inadequately
screened diversions on the Sacramento and San Joaquin rivers, ther tributaries, the Sacramento-San
Joaguin Delta, and the Suisun Marsh". The CVPIA Unscreened Diversions Program (UDP) providesthis
assistance by administering funding and providing technical assstance for fish screen projects. The sate's
ongoing program and priorities have guided most of the Ste-selection processes. A UDP technica team
composed of representatives from USFWS, USBR, DWR, NMFS, and DFG providestechnicd advice
and ensures that the program meets the gods and intentions of the CVAIA.

Fish screen technol ogies have been proposed that use sound or éectricity to guide fish away from pumps.
Although these dternatives have not been fully devel oped or tested, they have not provided necessary levels
of fish guidance. Alternative technology for fish screen projects will be funded under an Experimentd
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Unscreened Diversion Research Program funded in fiscal year 1995 by USBR's Miscellaneous Project
Program Congtruction Appropriations.

The UDP includes an accelerated program designed to immediately fund screening projects during the
development of along-term fish screen program. Theacce erated screening program moved aheed infiscal
year 1994 to spend $600,000 from the restoration fund on three fish screen projects and program
adminigration.

Predicted benefits: These fish screen programs have a high probability of reducing the 10 million juvenile
sdmon logt annudly to unscreened diversions. These programswill probably have smilar benefitsfor other
anadromous species.

Action 11: Implement structura and operationa modificationsto diminateimpingement and entrainment of
juvenile simon at the GCID's water diversons.

Objective: Correct problems a the GCID's water diversons.
Location GCID diverson, RM 206, Sacramento River, near Hamilton City, Cdifornia

Narrative description: Thisaction cdlsfor implementation of the on-going program to modify fish screens
and bypass channel to mitigate fully for the fishery impacts associated with operations of the GCID's
Hamilton City Pumping Plant. On August 19, 1990, a three-party agreement between the DWR

Reclamation Board, GCID, and DFG was signed to fund environmenta documentation and supporting
preliminary engineering for gradient retoration and fish screen replacement. A contract was Sgned with
HDR Engineering to compl ete the environmental documentation and engineering analyss, with aprdiminary
draft of theengineering Feasibility Report completed during 1994. In addition, adraft environmental impact
gatement (EIS) and environmenta impact report (EIR) are currently under review with fina completion
scheduled for early 1995. Six dternatives, in addition to a no-action aternative, are consdered feasible.
Therecommended environmentaly superior dternative, inthedraft EISEIR, isthe congtruction of amultiple
"V" screen near the mouth of the oxbow with a pumped bypass to return fish to theriver (Alterndtive B).
The basis for sdecting Alternative B was the project purpose of fish protection and the overriding

importance of fish protection when cons dered in combination with other environmental impacts. Thereport
concluded that Alternative B "would most likely offer the greatest protection to endangered winter-run
chinook salmon and other fish species that use the Sacramento River near the GCID's Hamilton City

Pumping Plant".

The draft EIR/EIS concludesthat prior to condruction of the preferred dternative, an dternaivethat may or
may not be the "environmentaly superior dternative’, future lead and responsible agencies must weigh
environmenta condderations againgt other factors such as congtruction costs, socioeconomic costs, legd
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congderations, technica modifications and feasibility, and political consderations. 1t dso concludes that
severd areas of controversy exist that would bear on selection of the ultimate preferred dternative. The
following are recommended actions needed to resolve those controversies:

H

USBR should determine the degree of predation as a cause of mortdity in the intake channel
and the relative impact of predation on downstream migrants, compared to other sources of
mortdity, such asimpingement, entrainment, and sedimentation.

DFG should evauate the importance of strict adherence (versus dight deviations) to existing
fish screening velocity criteria as a means of protecting fish.

USBR should determine the number of juvenilefish actudly entering the GCID'sintake channel
under arange of flow conditions.

USBR should determine the frequency and severity of predation a dow-flow holding areas
near the exigting fish screens and in the existing bypass channd.

USBR should determine whether predation in the GCID's oxbow exceeds natural predation
ratesin other parts of the Sacramento River.

USBR should determine whether the Sacramento River hasthe eventua capability to meander
in such amanner asto leave the GCID's oxbow stranded.

USBR should determine the degree to which sedimentation would occur and extend upstream
of any new fish screens built.

USBR should determine the degree to which sedimentation would occur and extend upstream
of a Gradient Restoration Facility (GRF).

USBR should determine the probability of successthat can be expected from bypassing fish
through pumps.

USBR should determine the amount of time that should be devoted to future study before
committing to along-term solution.

The draft EIR/EIS dso concludesthat prior to construction of the Preferred Alternative " some studiescan
be conducted that would provide additiond, valuable information” including the following:

H

USBR should devel op two- dimeng ond mathematica moddsand physica moddsof the GRF
in combination with new fish screens. The models should be designed to accurately depict
exiging and post- project instream conditions, including approach and sweeping vel ocities at the
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screens, water depths and vel ocities throughout the entire affected reach of theriver, and areas
of turbulence. Modding should be accomplished over areasonable range of flow conditions
expected after construction.

# USBR should determine the swvimming abilities of dl fish species and important live stages
occurring in the project areawhen such informationislacking. It isimperativethat the screens
and either pumps or GRF be designed to protect the most sengitive of the speciesin the area.

# USBR should corrdlate post-project water surface eevations with devations of various
habitats in the area. This must be accomplished o that hydrologic impacts on vegetation
communities can be more accurately determined.

# USBR should determine whether the GRF, if selected, could cause a changein river course
resulting in flow to another channd.

# USBR should evduate screw pumpsat the RBDD and a GCID, if sdlected, to determinetheir
feasbility at screened diversons.

Discusson: Fishery impactsat the GCID site wereidentified in the 1920s by researchersfrom the
then Cdifornia Divison of Fish and Game. Court action required GCID to ingdl fish screensin 1935,
which were dmost immediatdly rendered ineffective by undermining from flood events. No subsequent
attempts were made to aleviate the problem until DFG built the existing screen structure in 1972 with
funding from the Anadromous Fish Conservation Act of 1965.

The screen facility built in 1972 consists of 40 rotary drums, 17 feet in diameter and gpproximately 8 feet
wide. The drums, housed in a450-foot-long concrete headworks, are located midway down the oxbow,
immediately in front of GCID's pumping facility. Within the headworks are 10 fish bypass orifices that
converge in a 60-inch pipe that emptiesinto the lower oxbow. The bypasswas designed to transport fish
around aseasonal earthen damingtalled by GCID to decrease pumping lift. Theoriginal contract Sgned by
GCID and DFG required that 90 cfs be alowed to go through the bypass to facilitate fish passage.

Studies conducted by DFG during the mid-1970s revealed that the screening structure was not operating
effectively and suggested that large losses of juvenile simon were continuing to occur & the Ste. Specific
deficiencies identified included ineffective bypasses, screen leskage, high screen face velocities, and high
potentid for predation. Severa modificationswere made to rectify the Situation, including screen seelson
the rotary drums and placement of culverts through the seasond dam. Even with the modifications,
however, fish losses were il high.

Beginningin 1970, river gradient changes began to adversdly affect flowsand weater surface eevetionsat the
fish screens. Graduad lowering of theriver surface profile occurred from 1971 until 1983 when high waters
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caused sgnificant changes. During this period, scouring of the main river channel resulted in an average
surface elevation that was 3-3.5 feet lower than that existing before 1971. The result was to lower the
water surface eevation a theface of thefish screensand increase the through-screen velocity. In addition,
gradient profile changesresulted in bypassflows ceasing and often flowing in reverse direction. Theinability
to provide positive bypassflows of 90 cfsplaced GCID indirect violation of itscontractua obligeationswith
DFG.

Discussions between GCID and DFG werebegunin the early 1980sto investigate potentia remediestothe
lack of bypassflows. Deteriorating hydraulic conditionsfindly resulted in DFG inddling afyketrapin place
of one of the rotary screens. The trap wasfirst operated in spring 1985 as a sdvage facility with minimal
effectiveness. During 1986, GCID widened and deepened its intake channel, which served to restore
bypass flows. Continued high screen velocities, coupled with screen deficiencies identified by the DFG
gudiesin the mid- 1970s, resulted in continued discuss on between GCID and DFG about fishery impacts.
GCID's gpplication for renewd of its dredge permit in 1986 resulted in a number of conditions being
imposed by the U.S. Army Corps of Engineers (Corps), among which was implementation of a study to
define a gate-of-the-art solution to the fishery problems. Pardleing the requirements of the Corps permit
was a memorandum of understanding (MOU) between GCID and DFG to conduct studies to define
solutions to fish passage and water supply problems at the diversion site.

The result of the joint GCID/DFG study was a feasibility report published in 1989 that recommended
building an entirely new screening structure at the head of the exigting intake channel. The recommendation
was based on extensive review of dternative solutions that would provide protection to fishery resources
while dlowing water ddiveries by GCID.

During 1989, winter-run chinook salmon were listed under the Cdiforniaand federal Endangered Species
Acts as endangered and threatened, respectively. Federa status was upgraded to endangered in 1994.

Higtorica record had demondtrated that fry and juvenile winter-run salmon were exposed at the GCID

pumping Ste as early as mid-July, with apesk fry exposure during late August to early September. During
1991, the NMFS brought suit against GCID to prevent it from causing further |osses of winter-run salmon.
The BO issued by NMFS indicated that operation of the GCID facility was likely to jeopardize the
continued existence of winter-run salmon. The lawsuit resulted in afedera court injunction preventing the
GCID from pumping during periods of pesk downstream migration of winter-run salmon. Asthereault of
theinjunction, ajoint stipulation between GCID, DFG, and NMFS provided conditions under which GCID
could continueto pump. Thejoint stipulationinitidly required that GCID submit acompleted and adequate
goplication for an incidenta take permit pursuant to Section 10 of the federal Endangered Species Act.

Subsequent submittals were deemed inadequate by NMFS on February 4, 1993. With passage of the
CVPIA (P.L. 102-575), USBR has been given responsibility for screening at GCID. The origind joint
dipulations were amended in 1993 to reflect the new status of USBR. GCID wasrequired to fulfill certain
conditions under the direction of NMFS. GCID was required to ensure the full funding of environrmenta

andysis, selection, design, and congtruction of acceptable measures to provide long-term protection to
winter-run sdmon. During the interim period, GCID was required to reduce pumping during the critica
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period of August 1 through November 30 to meet screen velocity criteria of 0.33 foot per second (fps)
required by DFG. In addition, among other conditions, minimum bypass flows were required to provide
adequate passage for juveniles back to theriver.

Variousfishery sudieswere conducted by consultants hired by GCID during 1990-1993. Theresutsfaled
to clearly identify solutionsto rectify the problem. However, during 1993 GCID modified the portion of the
oxbow channdl in front and downstream of the fish screensto provide positive flows and reduce predator
habitat. During 1993-1994, GCID refitted, asagtated "interim solution”, the existing screen structure with
new fixed plate screens meeting the screen opening criteriarequired by DFG/NMFS. These modifications
are currently undergoing evauation.

Predicted benefits. Fish lossesat GCID are potentialy very large. At times, the GCID diverts up to 20%
of the tota Sacramento River flow at RM 206 (Halock 1987). If we assume that juvenile sdmonids are
distributed proportionaly to flow, then up to 20% of the juvenile sdmonids passing RM 206 could comein
contact with thefish protection facilitiesat GCID. Correcting problems associated with the fish protection
facilitiesa GCID can improve the probability of surviva of those juvenile sdmonids that contact it.

Action 12: EPA will complete Superfund cleanup of Iron Mountain Mine by 1996.
Objective: Remedy water quality problemsassociated with Iron Mountain Mine and other toxic discharges.
Location Iron Mountain Mine, Spring Creek Drainage

Narrative description: Fish will be protected from chronic and acute toxicity caused by the discharge of
heavy metas in acid mine drainage. The discharge can and has produced mgor kills of salmon and
seelhead, as wdll as subletha exposures that cause injury to anadromous fish by reducing growth and
interfering with migratory behavior (EPA 1992a, Sorensen 1991). Completion of studies and subsequent
implementation of EPA remedies for the Iron Mountain Mine Superfund Site are needed to attain the safe
meta concentrationsidentified in the CVRWQCB'sBasin Plan. Pollution control remediesarerequired at
the Iron Mountain Mine porta discharges from remaining sulfide ore depodts insde the mountain, the
discharges from tailing piles, other sources, and the metd dudge in Keswick Resarvoir. Attaining the
objectives requires close coordination with the state and federal agencies, fishery trustees, lega council,
consultants, and the responsible party.

We endorse the ongoing process to remedy problems asociated with mine drainage entering the
Sacramento River. Specificdly, the main objectives of EPA and the fishery trusteesin the Iron Mountain
Mine dean up incdlude:

#  Eliminatethewater demand that the dilution of the toxic discharge places on the Shagta: Trinity
Project of the CVP. Thewater demand can be severa hundred thousand af of storagethat is



3-Xa-42 WORKING PAPER ON RESTORATION NEEDS

needed for dl the other beneficia uses of the project, including fish and wildlife conservation
and temperature control.

# Attain the water quality objectives for toxic meta's and contaminated sediments in the basin
plan to protect the fishery resources of the Sacramento River from acute and chronic toxicity.

Until thesteisfully remediated, there are aseriesof interim operations needed to achieve proper dilution of
Iron Mountain Mine effluents:

# USBR will operate the CVP according to the 1980 MOU signed by USBR, DFG, and
SWRCB. Under the provisons of the Spring Creek MOU, USBR agrees to operate
according to criteria and schedules to minimize the probability of an uncontrolled spill and
catastrophic fish loss, provided that such operation will not causeflood control parameterson
the Sacramento River to be exceeded or interfere unreasonably with other CV P requirements
asdetermined by USBR. Thewater qudity criteriaestablished inthe MOU exceedsthe meta
concentration levels specified by the basin plan and causes chronic toxicity because operating
to such standards would increase the frequency of acute toxicity that could affect a large
portion of the sdlmon and steelhead populations.

# Operate by the stipulations in the BO (NMFS 1993).

Discussion: Site Location (EPA 1992b) - The Iron Mountain Mine site includes gpproximately
4,400 acres of land that includes the mining property sSituated around the 3,000-foot- high mountain. The
gte conggts of severd inactive underground and open pit mines, numerouswaste piles, abandoned mining
facilities, and mine drainage treetment facilities. The drainage from inactive mines on Iron Mountain Mine
representsthe largest pollutant dischargeto the Sacramento River. Thisdischargeisat least equd to dl the
combined industrial and municipa dischargesto the San Francisco Bay and Etuary System (EPA 1992D).
The toxic discharge is created by the mine characteridtics, together with the natural occurrence of nearly
pure sulfide deposits, producing aunique chemica reaction that is nearly optima for the production of acid
mine waters. Thismine water contains extremely eevated concentrations of copper, zinc, cadmium, and
other metals known to be toxic to fish and wildlife. On occasion, fish kills (including sdmon) have been
documented in the upper Sacramento River dueto Iron Mountain Minewastes. Morefrequently, thereare
documented instances of metal concentrationsthat exceed chronictoxiclevelsconsdered "sife€’ to early life
stages of sdmon.

Thewastesfrom Iron Mountain Mine are collected in the Spring Creek Reservoir, then metered out into the
releases of clean water from Shastaand Whiskeytown Reservoirsto achievethe best water qudity possible.
However, dueto the extremely large wasteload (averaging over 1 ton of copper and zinc per day), itisnot
possibleto attain water qudity objectivesfor heavy metalsand aless protective target has been established.

In the past and occasiondly during intense, winter sorms, the dam spillsintroducestoxinsinto theriver at
uncontrolled rates that sometimes result in fish kills. These highly toxic conditions are exacerbated when
flowsfrom Shastaand Whiskeytown Reservoirsare not availablefor dilution dueto other CVP condraints.
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Operating the Sacramento County Diverson Dam (SCDD) during mgor flood events is complicated
because releases from Keswick Dam may be reduced to meet downstream flood control objectiveswhile
Spring Creek isspilling. Water rdleased for diluting spillsmay bein excess of any other CV P requirements,
representing aloss of beneficial use of the water for other purposes.

Predicted benefits: Source control and water management actionswill significantly reduce copper and zinc
in the Sacramento River below Keswick Dam. Such reduction would result in metal concentrations that
consstently meet water quality objectives and that have been determined to be safe for fisheries. The
control actions are being designed to protect fisheries from chronic and acutetoxicity during dl but aonein
100-year flow. Successful completion of the superfund program will (1) protect dl fish from acute and
chronic toxicity, including physiologic problems and dow growth; (2) protect sdmonid reproduction

between Keswick Dam and Cottornwood Creek fromtoxicity; (3) restore sdmon and steel head production
to compensate for losses caused by the discharge; and (4) make available the water supply in the Shasta
Trinity unit of the CVP for dl the beneficid uses.

Action 13: Avoid potentid competitive displacement of wild, naturaly produced juveniles with hatchery-
released juveniles by stabilizing hatchery production levels and implementing rel ease Strategies designed to
minimize detrimentd interactions.

Objective: BEvauate competitive displacement between hatchery and natural stocks.

Location Coleman Nationa Fish Hatchery, Feather River State Fish Hatchery, and Nimbus State Fish
Hatchery.

Narrative description: There is a potentia for competition to occur between hatchery-released and
wild/naturd juvenilesinthe Sacramento River. Biologica interactionsof hatchery-rdessad fishwithwildfish
may includedirect competition for food and space during the freshwater rearing phase (Steward and Bjornn
1990). Theextent of competitionis, however, dependent on the degree of spatid and tempora overlap and
the basic concept of supply and demand (Steward and Bjornn 1990).

The precise level of competitive interactions between hatchery-produced and wild/ naturdly produced
juveniles in the Sacramento River is unknown due to the absence of detailed studies. However, when
comparing current population level sto gpparent historical carrying capacities, the degree of competition as
they rear and migrate through the 200- mile reach of river is assumed to be minima (USFWS 1993).

Management practicesexist that will avoid therisk of excessive competitiveinteraction both now and inthe
future. The practices can be implemented now and include: 1) stabilizing the total amount of hatchery
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production basinwide at established production godsand 2) releasing hatchery fishinamanner that avoids
competitive displacement of wild/natura fish to the greatest extent possible.

Production goas should be quantified for dl hatcheries in the basin and held or "capped” a current
established levels. An dlowable overage (eg., 15%) can be built into these caps to accommodate
fluctuationsin spawning population numbers. Cgpping of production in thismanner at USFWSs Coleman
Nationa Fish Hatchery has beenimplemented to avoid potential competitiveimpacts on endangered winter-
run chinook salmon (NMFS1994). Asriver carrying capacity and hatchery-wild interactionsbecomemore
fully understood, production goas will be modified to benefit survival of both hatchery-produced and
wild/naturaly produced fish.

All current release strategies throughout the Sacramento River should be evauated at a greater leve of
detall to identify the potential occurrence of competitive disolacement of wild/naturd juvenileswith hatchery-
released juveniles. USFWS's 1993 Biological Assessment on the Effects of Coleman National Fish
Hatchery Operations on Winter-Run Chinook Salmon cites Steward and Bjornn (1990) and McMiched
et d. (1992) in recognizing that hatchery-produced samonids could lower production of wild/natural

sdmonidsthrough competitionif 1) the carrying capacity of theriver isexceeded, 2) haichery fish arelarger
than wild fish, 3) hatchery fish are in place before wild fish emerge, 4) large numbers of hatchery fish are
released, or 5) released fish fail to disperse.

Carrying capacity is not believed to be afactor due to the 200-milelength of rearing areaand the fact that
thisreach hitorically supported at |east two to four timesthe current number of sdlmon and stedhead. An
assessment of current relesse strategies should focus on competitive interaction questions, including:

a) Are hatchery fish larger than their wild/naturd counter-parts at time of release?

b) Are hatchery fish dlowed to take up residency prior to the emergence of wild/naturd fish?
) Arelarge numbers of hatchery pre-smolts released in ashort time-frame?

d) Do hatchery fish fall to disperse after release?

Reeases from dl hatcheries within the basin should be evauated in terms of these questions. Release
drategies should be implemented to avoid identified competitive interactions. Established monitoring
programsfor wild/natural juveniles should be continued to eva uate potentid competitiveinteractionsdueto
sze or timing of releases (questions a and b). Additiond in-river monitoring will be needed if there is
evidencethat the number of hatchery fish or afalureto disperse producesundesirablelevelsof competition
with wild/natura fish (questions ¢ and d). Monitoring program objectives include rdlative abundance
estimates of natural/wild juveniles near hatchery release Sites, pre- and post-release, and average weighiisor
preferably length-weight relationships (i.e., condition factors) of natura/wild juveniles near hatchery release
gtes, pre- and post-relesse. Reative abundance estimates of wild/natura juveniles pre- and post-release



SECTION X. REPORTSFROM THE TECHNICAL TEAMS-
A. CHINOOK SALMON AND STEELHEAD 3-Xa-45

may assg in determining the extent to which hatchery released juveniles displace wild/naturd juveniles,
while estimates of condition factors may giveingght into levels of competition for available food supplies.

Although carrying capacities are currently not presumed to be limiting, they will be considered in
esablishing long-term rel ease strategies. Also, release strategiesinvolving pre-smoltsand fry should dway's
consder the estimated dendities of wild/natura fish and attempt to utilize underseeded habitats (Hard et dl.
1992).

Predicted benefits: The precise nature of competitive digplacement of wild/naturally produced juvenilesby
hatchery-produced juveniles is currently not defined. However, the current low population levels of
wild/naturd fish lead usto believe exigting impacts of competitive disolacement areminimal. Implementation
of the above-stated recommendations may further reduce the potentid for any negeative impacts and
therefore may result in higher survivability of wild/naturally produced juveniles and smolts.

Action 14: Implement specific hatchery spawning protocols and genetic eva uation programsto maintain
genetic diversty in hatchery and wild stocks.

Objective: Maintain genetic diversity in hatchery stocks.

Location Coleman Nationa Fish Hatchery, Feather River State Fish Hatchery, and Nimbus State Fish
Hatchery.

Narrative description: Steward and Bjornn (1990) and Hard et d. (1992) providein-depth discussons of
the potentia geneticimpactsor riskshatchery programsmay pose onwild populations. Thesegeneticrisks
include 1) extinction, 2) loss of within-population genetic variability, 3) loss of between population genetic
variability, and 4) genetic differences between hatchery and wild stocks resulting from differertial selection
pressures in the hatchery environment.

Implementing specific spawning guiddines and maximizing the surviva of the resultant progeny will limit
founder effects, genetic drift, and inbreeding in the hatchery population.

It isextremely important, however, that genetic variance between the groupsisinitidly low (Reisenbichler et
d. 1992, Hindar et d. 1991) and surviva of hatchery adults and resultant eggs and fry in the hatchery is
maximized. If surviva of eggsand progeny in the haichery program ismaximized, genotypeswill not belost
dueto low survivd rates and maadaptive sdection in the hatchery environmen.

One of the main parameters used to assess the viability of a population is its effective population sze
(Bartley et d. 1992). Therefore, to minimize inbreeding and genetic drift, a meting scheme should be
developed to maximize the effective population size for dl fish collected as hatchery brood stock.
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Genetic differences between hatchery and wild stocks can be held to a minimum by employing specific
breeding guiddines to minimize dlde-frequency differences between hatchery and wild fish (eg., Meffe
1986, Reisenbichler et d. 1992, Hynes et a. 1981, Hindar et a. 1991, Simon 1991, Simon &t al. 1986,
Tave 1986, Bonneville Power Adminidtration [BPA] 1994). Guideinesto maximizetheeffectivepopulation
dze, consarve genetic diversity, and minimize genetic differences between hatchery and wild stocks (as
described by the above authors) should be implemented as follows.

#

#

Use adults that are geneticdly similar to the corresponding wild/natural stocks.

Incorporate large numbers of adultsinto the spawning program to more adequately represent
al genomes present in the wild. Although a reduction in the genetic varigbility in haichery
stocksof Pacific sdmon dueto inbreeding isnot well documented (Steward and Bjornn 1990),
amall population Szes in hatchery programs may lead to losses of within-population genetic
variahility through inbreeding depression and genetic drift (Waples 1991).

Implement a "no selection” protocol. Congider dl returning or collected fish as part of the
population (i.e., avoid sdection based on phenotypic characteristics or other criteria).

Usejacksto ensure genes associated with all age classes areincorporated in the popul ation at
appropriate levels.

Implement a 1:1 male-to-femae spawning ratio (i.e., one time use of each adult, Sngle pair
spawning, unpooled gametes).

To enaure full fertilization when the egg supply is severdly limited or mae gamete viahility is
known to be low, successively usetwo maesfor each egglot (1 and 2; 2 and 3; 3and 4, etc).
This procedure utilizes the firgt of the pair (with mixing), followed by interva of 30 seconds,
and then theimmediate use of the second male.

Use pairing schemesto avoid discarding of excess spawnerson spawning dayswhere one sex
is more numerous than the other. This can be used on dl populations, except those that are
criticdly smdll.

For criticdly smal populations (i.e, winter-run chinook saimon) apply a splitting scheme.
Divide eggs from each femaeinto two lots and fertilize with gametes from two different males.
Also, use each male twice, once with two separate femaes. This practice safeguards against
the loss of genetic contribution from an individua producing viable gametes mated with an
individua that produced nonviable gametes (USFWS 1993).

Develop improved gamete cryopreservation techniques to permit later crossing of linesfrom
different generations.
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Additiondly, programs should be developed to obtain basdine information on the genetic diversity of
current hatchery and wild/natural stocksand evauation programs should be devel oped to monitor changes
in these diversty levels over time.

Predicted benefits: Implementation of specific spawning protocol will serveto minimizethe potentia genetic
effectsof hatchery programsonwild/natura stocks. Development of genetic evauation programswill adin
ng the success of the spawning drategies to maintain existing genetic diversity.

Action 15: Evauate transfer of disease between hatchery and natural stocks.
Objective: Evauate disease relations between hatchery and natura stocks.

Location Coleman Nationa Fish Hatchery, Feather River State Fish Hatchery, and Nimbus State Fish
Hatchery.

Narrative description: Develop and implement drategies to minimize the risk of disease outbreaks in
hatcheries, determine degree of prevalence of pathogens/disease in wild/natural stocks, and evauate
potentia for disease transmission from hatchery fish or hatchery water suppliesto wild/naturaly produced
fish.

The actud extent of horizonta transmission of diseases or parasites from hatchery-released sdmonids to
wild stocksislargdy unknown. Although disease outbresks and epizootics arefairly common in hatcheries,
direct transfer of these diseasesto wildfish has not been clearly demongtrated. Steward and Bjornn (1990)
datethereislittle evidence of transmittance of diseasesor parastesfrom hatchery towild salmonids. Thearr
literature review describes anumber of studies suggesting diseases such asbacteria kidney disease (BKD)
and infectious pancrestic necrogs (IPN) were not transmitted from infected hatchery fish to wild fish.
However, they go on to sate that research on this subject islimited and conclude the full impact of disease
on supplemented stocks is probably underestimated.

Infectious disease is consdered to be a norma component in the life history of hatchery-reared and

wild/naturaly produced salmonidsin the Sacramento River dueto their smilar parental stock (free-ranging
brood stock of mixed origin) and exposureto Smilar water supplies. Someincipient level of pathogensare
natural and aso probably essentid for the devel opment of proper immunological responseto actua disease
outbresks (Hard et d. 1992). Unfortunately, hatchery-rearing conditions often render hatchery fish more
susceptible to contracting and spreading disease and parasites in the confined, high-densty rearing

environmen.

Most pathogens endemic to Sacramento River salmonids evolved with their sdmonid hosts and are not
recent introductions. Endemic pathogens that have caused sgnificant health problemsin Centrd Valey
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sdmon hatcheries include infectious hematopoietic necross virus (IHNV), BKD, Yersinia ruckeri,
Flexibacter columnaris, Ceratomyxa shasta, Ichthyophthirius multifiliis, and Nanophyetus
salmincola (Cox 1993). Numerous other bacterid, parasitic, and fungal species have aso been identified
as being pathogenic to hatchery populations under appropriate conditions.

Exposing wild stocks to infected hatchery fish may result in mortdity or disability or may have no effect.
This ultimate result depends on severa ecologica parameters (eg., proximity and exposure time) that
influence the soread and pathology of diseases and theimmune status of thefish. Thereduced probakility of
contact between individual s outs de the confines of the hatchery may reduce the potentid for wild sdmonids
being infected by the hatchery fish (Steward and Bornn 1990).

Reducing the risk of disease outbreaks within a hatchery consequently can reduce potentid transfer of
disease to wild/naturd stocks. To minimize the risk of disease outbresks in hatcheries within the
Sacramento River basin, management practices as modified from BPA (1992) should be implemented as
follows

#  All phases of propagation, trandfers, and digtribution will follow recommendetions smilar to
those of USFWS's Fish Health Policy (1995).

#  All haticheriesrelying on surface water where anadromousfish arein the heedweaters above the
hatchery should be equipped with state-of-the-art water sterilization sysems (eg., utilizing
ozone, ultra-violet).

# Bird excluson devices should beingdled a al rearing facilities to avoid disease introduction
and pond-to-pond transfer by predators.

#  During hatchery operations, strict sanitation and disinfection procedures should be employed.
# Isolation, segregation, and quarantine practices should be employed when necessary.

Additiondly, state and federa fishhedlth centersand the Nationa Biologica Survey should devise programs
to 1) ascertain the disease implications of hatchery effluent waters on wild/naturd juveniles, 2) perform
laboratory and in situ exposures of infected hatchery fish to uninfected wild/naturd fish to gain an
understanding of the kinetics of horizonta disease transmisson, and 3) gather basdine information on the
degree of prevaence of pathogens/disease in wild/naturally produced juvenile sdmonid populations.

Predicted benefits. Implementing strict fish hedth policies and practices in Sacramento River basin
hatcheries will reduce disease outbresks within hatcheries and consequently reduce the potentia for
pathogen/disease transfer from hatchery-reared fish to wild/naturally produced fish.
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Action 16: Create a 50,000-acre meander belt from Red Bluff to Chico Landing to provide grave
recruitment, large woody debris, moderate air temperatures, and nutrient input to the lotic system.

Objective: Restore and preserve riparian forests.
Location Red Bluff at RM 242 to Chico Landing a RM 204.
Narrative description: Recreate an active meander belt and restore acontinuous riparian corridor between

Chico Landing and Red Bluff. The meander belt and corridor would encompass approximately
50,000 acres.

Protect and restore the Sacramento River riparian corridor and, by doing so, preserve important instream
vaues. Theriparian and associated meander zone affect the aguatic ecosystem by providing the mgority of
spawning gravel; creating avariety of preferred spawning areas (e.g., point bar riffles, chute cutoffs, multiple
channd areas, and areas near idands); maintaining and improving the hydrologic diversity of the river
channd; reestablishing and maintaining adiversity of subgtrates, supplying acontinualy renewable source of
shaded riverine aguatic habitat, including large woody debris, and providing an important terrestrial food
source.

The most feasiblelocation for reestablishing afunctiona Sacramento River riparian ecosystemisinthereach
between Chico Landing and Red Bluff. Along thisstretch of theriver, riparian vegetation influenceserosion
and depostion within the floodplain. In turn, these fluvid processes create the diversity of streamside
vegetation and maintain its overal condition.

Riparian vegetation crestes a buffer to decrease local flood velocities. This increases the deposition of
suspended materia s derived upstream from eroding banks. It isthiserosiondeposition processthat builds
the middle terrace and eventudly the high terrace lands that support high-terrace climax forest and
agriculture. Overbank flooding isessentia for the continued health of theriparian system. Assilt and seeds
are deposited during these overbank weaterflow events, the native vegetation is reuvenated.

Theinterplay between biologica successon and hydrologic and geomorphic factors resultsin amosaic of
habitat typesin the riparian zone. These types follow a chronologica and topographic continuum from a
bare sandbar, to young forests of cottonwoods and willows, to mature forests of older cottonwoods and
other deciduous species, to aclimax forest of valley oak. Matureriparian forestsaretypicaly 40-90 years
old. A meander zoneaong the Sacramento River should include an unbroken band of the full continuum of
theseriver-created habitatsthat are maintained by theriver over time. By definition, young to matureforest
exigs where theriver channd has been in the last 100 years. The movement of the river within this 100-
year meander belt creates and maintainsthe rich mosaic of habitats. It isestimated that this 100-year zone
encompasses approximately 13,000 acres between Chico Landing and Red Bluff.
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Thehydrologic regimeisanintegra part of theriparian corridor. A hedthy and sustainableriparian corridor
depends on both seasond flow fluctuations and periodic flood events. Receding spring flows are required
to ensure a moist aluvid subdrate for the establishment of willows and cottonwoods & the edge of

sandbars. During winter and early spring, higher flood flows are necessary both to ensure deposition on
high terraces and to erode banksto provide sediment downstream. The overbank deposition of sediments
is necessaxy to offset the bank eroson and maintain the equilibrium of erosion and deposition in the
floodplain. Sustained releases from Shasta Reservoir a a leve just below bankfull discharge (such as
occurred in pring 1993) may cause cond derable erosion of saturated banks; however, dlowing theriver to
utilize the floodplain can reduce flow velocities and alow for sediment depostion.

Ongoing DWR studies indicate that while floodplain deposition in the Sacramento River riparian zone has
decreased since the congtruction of Shasta Dam, the rate of bank erosion has decreased as well. This
suggests the possibility of an overal baance between erosion and deposition.

Research needs associated with meander-bdt establishment include:

# Ongoing eroson and deposition measurements, particularly during wet years (most avallable
data have been collected in the dry years since 1986). Further data collection and analysisis
necessary to adequately assess erosion and deposition rates aong the Sacramento River.

# Modeling the dynamicsof the geomorphic system and biologica successon. Dataon geology,
erosion, sedimentation, hydrology, and channe morphology can be used in combination with
vegetation studies to determine the proportion of plant communities that will be established
over timeintheriparian zone. Thisinformation will dso be vauable in assessing the impact of
different flow regimes on the dynamics of the riparian ecosystem.

Under Senate Bill (SB) 1086, a group of landowners, government agencies, and environmentd interests
have been deve oping plansfor theingtitution of ameander zone dong the Sacramento River. Their ongoing
dialogueresulted in the blueprint for limited meander zonefound in theUpper Sacramento River Fisheries
and Riparian Habitat Management Plan (The Resources Agency 1989). Pardld with theseefforts The
Nature Conservancy has purchased severd tracts along the river, and USFWS includes the Sacramento
River riparian corridor as part of the Sacramento River Nationa Wildlife Refuge. Through the SB 1086
process, plans are currently being laid for the establishment of a legidated, localy based didtrict to
implement the establishment of a meander belt.

Predicted benefits. Creation of a 50,000-acre meander belt from Red Bluff to Chico Landing will restore
natural processesto theriver ecosystem, providing gravel replenishment for spawning habitat enhancement;
largewoody debrisfor fish cover; moderate air temperaturesthat should contribute to alower, more stable
river temperature regime; and nutrient and food input to the lotic system.
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B. UPPER SACRAMENTO RIVER TRIBUTARIES
Clear Creek -

Limiting factors and potential solutions- Table 3-Xb-1 ligskey limiting factorsfor sdmon and
steelhead in Clear Creek and potentid solutions.

Instreamflow - Clear Creek asaregulated stream system recaives very little stream flow.
Therefore, restoring habitat and achieving doubling of the salmon and steelhead populationsin the stream
will require higher flows. Theincreased flow regime must provide sufficient spawning, incubation, rearing
habitats, and outmigration flowsfor sdmon and steel head, together with suitable temperatures and channd
mai ntenance (prevention of riparian encroachment).

Water temperature - High water temperatures can be lethd to adult spring-run chinook
and yearling stedhead that live in the creek during the dry season (U.S. Geologica Survey [USGS] Water
Qudity Records, DWR 1986, USFWS 1991). Warmer temperature regimes favor development of
warmwater fish populations (e.g., black bass and squawfish) that will prey on juvenile sdmon and stedhead.

Whiskeytown Dam has severd outletsthat release water from different eevations and temperatureswithin
the reservoir water column. Integrated management of water temperatures and flow rates of reservoir
releases is necessary to attain the proper creek habitat requirements for spring-run chinook salmon and
juvenile steelhead.

Gravel recruitment and extraction - Suitable spawning gravel isbeing reduced in Clear
Creek asareault of blockage by Whiskeytown Dam and gravel mining in the lower stream sections below
the dam. For the past decade, about 12% of the stream bel ow Whiskeytown Dam was mined for gravel.
Another 10% of the streambed istargeted for mining. The channd configuration in mined aressis braided
and pitted. The braided sections are shallow and split the flow, causing adult passage problems. The
excavaion pits entrain and trap juvenile outmigrants when the water level goes up and down during spring
storm periods that subject them to predation by bass and squawfish. During periods of high runoff, the
excavation pits aso trap new gravel, making it unavailable for fish spawning (DWR 1986, 1994).

Fish passage - McCormack- Saeltzer Dam, congtructed in 1903 for gold mining and later
agriculture, is located about 10 miles downstream from Whiskeytown Dam. Water (about 10 cfs) is
diverted into the Townsend Flat water ditch under pre-1914 water rights and an additiond water rights
Settlement contract with the USBR. The use of the water right has changed; most of the water right service
areais subdivided for housing or mined for grave, leaving little for agriculturd or fishery use. Sadltzer Dam
is apartia barrier to fish passage that is compounded by difficult passage areas in the bedrock stream
channel immediately below thedam. Improving fish passage and implementing arecommended flow regime
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will open up spring-run chinook salmon and steelhead habitat and restore additional spawning capacity to

the creek.

Land use - Approximately haf the creek's watershed below the dam is composed of
decomposed granite soils (DWR 1986). The steep dopesand erosve soils below Whiskeytown Dam add
sedimentation problems to downstream spawning and rearing areas. These problems are exacerbated by

reduced flushing flows and blocked grave recruitment below Whiskeytown Dam.

Table 3-Xb-1. Key limiting factors for chinook sdlmon and steelhead

in Clear Creek and potential solutions.

Limiting factors Potentia solutions

Instream flow Implement integrated flow schedule providing for T° and riparian
channd maintenance

Water temperature Operate Whiskeytown Dam to provide temperature control

Gravd extraction

Redtrict ingream gravel mining and restore mined-out channel sections

Fish passage

Remove M cCormick- Sagltzer Dam and find dternate water supply

Land use

Make land use practices compatible with sdimon restoration by
acquiring land in the watershed and implementing eroson control
practices, a stream corridor protection plan, and other appropriate land
use planning devel oped in a comprehensve resource management plan
for the watershed

Whiskeytown Dam

Restore spawning grave recruitment hated by the dam and stream
channel sections disturbed by dam congtruction and compensate for the
blockage and inundation of 12 miles of spawning habitat above the dam

Restoration actions -

Action 1. Implement an integrated insream flow schedule.
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Objectives:

1. Provide adequate instream flows and channd maintenance flows for dl life stages of sdlmon and
steelhead.

2. Provide suitable temperatures for dl life stages.
3. Provide channd maintenance flows.
Location Whiskeytown Dam.

Narrative description: The recommended releases from Whiskeytown Dam to Clear Creek are 200 cfs
from October to April and 150 cfs for the remainder of the year with variable spring-time releases
depending on water year type. Annualy, thisflow regime represents an amount of water that isequaed or
exceeded by the naturd runoff of the creek at the dam site during 25-30% of the water years. During
drought conditions, these recommended releases are reduced by 25%. These recommendations (DFG
correspondence report 1993) are based on attainable temperature objectives and habitat requirementsthat
were determined by an indream flow study (DWR 1986) and the Clear Creek hydrologic data at
Whiskeytown Dam for 1923 to 1994 (USBR Central Valey Project Operations Hydrologic Data).

The recommended flows provide habitat and temperature requirementsfor fal-run and latefal-run chinook
sdmon and stee head and, to alesser extent, for spring-run salmon, which are presently extirpated fromthe
gream. If the spring-run chinook salmon popul ation becomes successfully reintroduced, it may requirean
even lower summer water temperature regime, necessitating increased flows. Thereleasesaremeasured at
Whiskeytown Dam to provide more precise temperature regul ation and prevent harmful flow fluctuations.

A springtime flushing flow recommendation will be devel oped empirically to accomplish sediment removd,
prevent riparian vegetation encroachment, maintain the proper channel configuration, distribute new
spawning grave, facilitate timely juvenile outmigration, and atract adult Soring-run saimon and sedhead into
the stream. The schedule and amount of flow would be determined by a series of experiments designed to
intengfy and augment a storm flow at drategic times. The flushing flow releases would not exceed the
natura inflow into Whiskeytown Reservoir during the sorm.

Implementing the recommended flows can be accomplished via a reoperation of the Keswick and
Whiskeytown damsin amanner that doesnot affect the water supply of the Shasta- Trinity unit of the CVP.
Because Clear Creek entersthe Sacramento River ashort distance below Keswick Dam, it can beused to
convey asmal portion of the largeirrigation water supply needed in the river.

Clear Creek flows recommended during the wet season gpproximate the annua amount of natura runoff
that is present or exceeded in 90% of the years of record (1923-1994 in USBR Central Vadley Project
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Operations Hydrologic Data). Drought years within the 10% of the driest years on record require flow
reductions that gpproximate the natural runoff. During the dry season, the Clear Creek releases will be
subtracted from the Keswick Dam rel eases, requiring no net change in release from storage, only achange
indelivery route. Theflow reductionsat Keswick Dam during May through September are minor relaive
to the average river flow (approximatdy 1%) and will not affect the habitat or temperature regime of the
Sacramento River. Specifically, the Keswick Dam rel easeswoul d be reduced to approximetely 85 cfs(the
flow increment above the water right requirements).

The recommended flow schedule should be implemented as soon as possible because asgnificant amount
of usable habitat, presently taken out of service, that can sgnificantly contribute to the doubling goals.

Related actions that may impede or augment the action The water rights permit for the project
dlows implementation of a new release schedule for Whiskeytown Dam a any time on mutua consent
between the USBR and DFG (CVPIA does not affect water right permits). The reoperation of Whiskey-
town Dam may require preparation of aFish and Wildlife Coordination Act Report; however, it may not be
needed prior to operational changes based on past practice.

Agency and organization roles and responshilitiess The U.S. Depatment of the Interior is
respongblefor providing the siream flows that ensure preservation of fish and wildlife and compensate for
lost spawning areas above Whiskeytown Dam. DFG should recommend flow releases, and the fishery
agencies must monitor the habitat restoration effort. The USBR and DFG must update the water right for
the project by submitting arevised MOU to SWRCB.

A detailed operationd plan describing the recommended flow regime, congigting of naturd runoff from Clear
Creek into Whiskeytown Reservoir, should be prepared by DFG, the USBR, and USFWS. It should
include flow release adjustment procedures at Keswick and Whiskeytown damsand dry year flow regimes
to ensure that Clear Creek flows do not exceed its annual natural unimpaired runoff.

Potential obstaclesto implementation: A consequence of providing additiona releasesdown Clear
Creek isthetrand ocation of power production from Spring Creek and Keswick power plantsto thecity of
Redding power plant located at Whiskeytown Dam where thereis less power potentia (head). A timdy
resolution of this power production loss may not be possible.

Predicted benefits: By increasing the flows below Whiskeytown Dam, it is possble to add back

goproximately 5 miles of spring-run habitat and 10 miles of steelhead habitat and to reintroduce spring-run
chinook sdlmon. If successful, another digtinct and geneticdly vigble population of spring-run chinook
sdmon and steel head could become established in the Centrd Vdley, which would reduce the probability of
these speciesgoing extinct. In addition, the recommended flow releases can nearly double availablefdl-run
and late fal-run chinook salmon habitat over that provided by the present releases. Clear Creek isone of
two tributaries in the upper Sacramento River that can provide habitat for three races of salmon and
steel heed.
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Clear Creek's estimated production is 6,190 salmon and 13,052 steelhead (USFWS 1986, DWR 1985).

Action 2: Provide temperature control.

Objective: Operate Whiskeytown Dam to control temperatures primarily for stedhead or spring-run
chinook salmon if reestablishment is successful.

Location Thereach of stream above the valley floor near McCormick- Sadltzer Dam.

Narrative description: Whiskeytown Dam has severd outlets a different devations that dlow lower
temperature water releases. Theingalation of the Oak Bottom temperature control curtain further assgtsin
regulating temperature for Clear Creek. A remote-sensing temperature monitoring deviceis needed e the
USGS gauge station at Placer Road Bridge to help project operators to actively control creek temper-
atures.

Temperature monitoring during severa experimenta flow rel eases demondtrated that temperature objectives
for juvenilerearing (65° F), holding of prespawning adults (60°F), and egg incubation (56° F) areattainable
(DWR 1986, DFG temperature data, USGS temperature data).

Related actions that may impede or augment the action In arelated action, DFG has proposed an
amendment to the Water Qudity Control Plan for the Centrd Valley Basin that establishes temperatures
suitable for spring-run chinook salmon and stedhead in the foothill reaches of Clear Creek (DFG
correspondence 1994). The CVRWQCB's gt&ff is considering the recommended amendment pending
further anayss

Agency and organization rolesand respongbilities: Rolesand respongbilitiesarethe same asthose
described for Action 1. In addition, the CVRWQCB will cortinueto andyzethetemperature objectivesfor
Clear Creek proposed by DFG.

Potential obstacles to implementation Potential obstacles are the same as those as described for
Action 1.

Predicted benefits: Temperature control makes the habitat usable for ssimon and steelhead and recrestes
habitat smilar to what isnow blocked by Whiskeytown Dam. The expected temperature regime provided
by therecommended flowswill ensurethat: 1) thefirst 10 milesof streambe ow thedamwill be suitablefor
stee head spawning and incubation and oversummering rearing of juveniles, 2) any reintroduced spring-run
chinook salmon would be provided with suitable habitat for adult summer holdover, spawning, and
incubation within the first 5 miles below the dam; and 3) suitable habitat would be provided for spawning,
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incubation, and juvenile rearing of fal-run and late fall-run chinook salmon within the first 8 miles of the
stream above its confluence with the Sacramento River.

Action 3. Redrict gravel mining and restore degraded channd.

Objective: Eliminate the severe adverse effects of gravel mining.

Location: North State Aggregate and Sunrise Excavation Fits.

Narrative description  The adverse effects d instream gravel mining are documented (DWR 1994).

Specific problems on Clear Creek include formation of a highly unstable braided and pitted channel that

affects upstream passage and lacks sufficient gravel recruitment (DWR 1986). Purchase of the mined
stream channd, aong with that proposed for mining, would diminate this problem.

Currently the U.S. Bureau of Land Management (BLM) isin the process of exchanging somedf itslandsfor
900 acres of land bordering Clear Creek between M cCormack- Saeltzer Dam and the confluence with the
Sacramento River (Schmidt Estate and BLM February 1995 pers. comm.), which is consisgtent with the
Record of Decision for the Redding Resource AreasLand (BLM 1993). Completion of theland exchange
will place approximately 96% of thelandsaong the valey reach of the stream in public ownership, whilein
the foothill reach of the stream, al the adjoining lands are in public ownership.

After mined aressaretransferred to public ownership, channel restoration projects such asthe placement of
aberm to deflect water from the pits, consolidation of braided channdls, and ingtallation of spawning riffles
can begin. Plansand environrmental documentation are completed for someof theinitid channe restoration
work.

Related actionsthat may impede or augment the action: The approved Surface Mine Reclaméation
Pan for the mined section of the creek is compatible with projects that restore the Site for fish and wildlife
uses. Regtoration activities may be augmented by the Federa Forest Plan Option 9 program that includes
Clear Creek watershed. Restoration proposals for labor-intensive projects have been submitted to this
program for funding.

Agency and organization rolesand responsbilities: BLM isimplementing theland exchangewiththe
assistance of DFG. Shasta County and the City of Redding are administering the Surface Mine Reclamation
Plans that have requirements consstent with restoration of fish and wildlife habitat. Plans for public
recregtion in the watershed are the responsibility of the City of Redding, National Park Service, and BLM.
The County of Shasta and the Corps are responsible for establishing conditions for any future proposed
gravel mining activity in the lands near Clear Creek.

Potential obstacles to implementation: None, if the land exchange process proceeds as planned.
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Predicted benefits: Approximatdy 12% of the anadromous fish habitat has been heavily mined for gravel
but can be restored for spawning and rearing. An additional 10% of the stream can be exempted from
gravd mining.

Action 4. Provide fish passage.

Objective: Provide access to stream habitat above McCormick-Saeltzer Dam.

Location: McCormick-Sadltzer Dam.

Narrative descriptionn DFG has made a number of attempts to provide effective fish passage over
McCormack-Seeltzer Dam (Seeltzer Dam) that have been largely unsuccessful to date.  This is

compounded by adifficult passage Stuation in the bedrock channd bel ow the dam that could beimproved
by blasting awider channd (project scheduled for 1995).

The most effective method of passing fish would be remova of the dam. The land &t the dam Steis now
under the ownership of DFG. Although the dam can be used to segregate fall- run from spring-run salmon,
that serviceis not relevant and can be provided by alternate meansif necessary. To protect water quality
and substrate, dredging of sediment behind the dam is needed. A project design and environmentd
documentation is dready completed for this action.

The dam and diversion agppear to be greatly oversized for the current water use serviced by the cand (i.e.,
much of theirrigation didtrict lands serviced by this diverson have been urbanized and mined for grave).
Therearedternate methods of supplying water, including groundwater pumping, contracting weter fromthe
ACID'scand, or piping water from Clear Creek using asmaler diverson. The proposd to exchange the
dam for an aternate water supply was discussed with the owner-operators and in public meetings; the
evauaion processis continuing.

Related actions that may impede or augment the action: The program could be augmented by the
CVPIA water purchasing program by offering to purchase its pre-1914 water right and the USBR water
contract. Thelandownersin thedistrict may request the Natural Resources Conservation Service (NRCS)
(formerly the U.S. Soil Conservation Service) to develop awater conservation plan for farm use and this
program could identify aternate water supplies.

Agency and organization roles and responsibilities DFG is respongble for documenting the fish
passage problem. The SWRCB is respongble for responding to any complaints that the water right isnot
being exercised according to the rules for reasonable use and/or preventing environmenta damage.
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Potential obstacles to implementation: The water district serviced by the dam may choose not to
enter into awater conservation program or not accept any dternate water supply.

Predicted benefits. Fish passage provides accessto the only reach of the sStream where water temperatures
can be controlled by releases from Whiskeytown Dam during the dry season. Without accessto thisreach
there would not be suitable habitat availablefor yearling e head or spring-run chinook sdmon. Thereare
educationa bendfits to alowing saimon and steelhead access to the upper reach where they could be
observed a the Whiskeytown Environmental Camp. This facility is operated by the Shasta County

Department of Education and the Nationa Park Service to accommodate thousands of € ementary school

students annudly with programs that include fishery issues.

Action 5: Prevent habitat degradation due to sedimentation and urbanization.
Objective: Develop an erosion control and stream corridor protection program for the creek.
Location Entire stream.

Narrative description:  The soils in the upper portion of the watershed consst of highly erodible

decomposed granitethat can degrade water quality and spawning substrate. A review of land management
practicesin the Clear Creek watershed isbeing conducted through the coordinated resource management
process. The Western Shasta Resource Conservation Digtrict (RCD) formed agroup of interested parties
from private and government sectors and held severa public meetings discussing fishery restoration plans.
This collaboreative process is directed at developing the land use practices for timber harvest, residentia

development, agriculture, mining, and road building that prevent sedimentation of the stream. The RCD will

be initiating a watershed analysis in spring 1995 that will identify the scope and scde of watershed

problems. The NRCS could, if funded, inventory and prioritize problem sites and design and implement
trestment measures.

As urbanization of the land continues in the Clear Creek watershed, there is a need to preserve awide,
unfragmented corridor of riparian vegetation for fish and wildlife. The land exchange process being
completed by BLM will produce a greenbelt dong 98% of the stream. The stream corridor adong the
remaining private land should be protected under the Stream Corridor Protection Program (DFG 1993)
adopted as an interim policy by both the city and the county. Part of the documentation for this program
includes a complete mapping of Clear Creek with its riparian habitat and wetlands in a geographic
information system format.

Related actions that may impede or augment the action: Almost al the land adjacent to the creek
will be owned by public agencies that presently have land management objectives consistent with fishery
restoration, wildlife conservation and public recregtion. The land use activities on the remaining private
lands should be cong stent with the recently revised Shasta County General Plan (Shasta County 1993) that
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Specifies specid development and erosion control practices in the erodible Clear Creek watershed and
protection of salmon spawning grave in the creek.

Agency and organization roles and responsihilities: Theland use activities on public lands must be
managed in amanner that prevents degradation of the qudity of either the water or the spawning substrate
consstent with Sate and federd water quality laws. Theland use activities on private land are conditioned
in permitsissued by Shasta County consistent with the provisons of the genera plan. DFG, CVRWQCB,
and the Western ShastaRCD review the proposed land use activities and advise the county on gppropriate
measuresto conserve natural resourcesthrough the California Environmental Qudity Act (CEQA) process.

Potential obgtacles to implementation: None anticipated if dl land management agencies follow
current plans.

Predicted benefits. By establishing land use practices that decrease rather than increase the discharge of
sediment to the stream, the restored sections of habitat will not be degraded by future land use practices.
Effective source control of sediment discharge will aso diminate the need to operate sediment basins that
interferewith fish passage and water qudity protection. The decreased sediment loadswill dsoincreasethe
effectiveness of spring-time flushing flow releases from Whiskeytown Dam. Fish and wildlife vaues
associated with the stream and its riparian vegetation will be preserved with the implementation of the
Stream Corridor Protection Program.

Action 6: Restorelost grave recruitment and spawning habitat.

Objective: Compensate for spawning grave recruitment and spawning areas blocked by Whiskeytown
Dam.

Location Beow Whiskeytown Dam, below McCormick- Sadltzer Dam.

Narrative description: The recruitment of spawning grave to the creek is hated by Whiskeytown Dam,
resulting in a 90% reduction in pawning habitat in the first 10 miles below the dam as indicated by a
comparison of preproject and postproject spawning gravel surveys (DWR 1986, DFG 1971). Thisloss
can be compensated for by artificialy introducing quantities of spawning-s9zed gravel on acontinuousbass

During congtruction of Whiskeytown Dam, the stream below the dam ste was mined for dam building
materids, including boulders and rubble, reducing the quality of the habitat in thisreach. Boulders can be
placed in this section to restore habitat diversity.

The congruction of Whiskeytown Dam aso resulted in the blockage and inundation of gpproximeately 12
miles of stream suitable for sdmon spawning (U.S. Bureau of Fisheries 1940). The early surveys of the
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stream reach above Whiskeytown Dam indicated that less than 1% of the streambed was suitable for
spawning, yielding an estimated capacity to support arun of gpproximately 700 sdmon (U.S. Bureau of
Fisheries 1940). These surveys did note that the stream was affected by mining wastes. There are
higtorical records of asalmon run above thetown of Whiskeytown prior to blockage by Sagltzer Dam at the
turn of the century (DFG correspondence 1956).

Related actions that may impede or augment the action: Reintroduction of sdlmon and steelhead
above Whiskeytown Dam is impossible because of insolvable fish passage issues for adults and juveniles.
The preferred mitigation method when mitigation cannot be accomplished onsite, according to DFG and
USFWS poalicies, isto compensate for those lost resources by creating new ecologically equivaent habitat
ascloseto the Ste as possble. Mitigation could be achieved on the remaining 16 miles of stream below
Whiskeytown Dam by managing flows, temperature, and spawning gravel so that the stream hasthe habitat
with the capacity to support the same type and population Size of anadromousfish asthe higtorica habitat
prior to blockage by dams.

Agency and organization roles and responsghilities DWR, DFG, and USFWS need to formulate
and implement a habitat restoration plan for Clear Creek below Whiskeytown Dam.

Potential obstaclestoimplementation: Noneare anticipated if al land management agenciesfollow
current plans.

Predicted benefits. The replacement of aportion of the spawning gravel will restore and increase available
habitat. Attainableincreasesin habitat usng many years of gravel addition could range between 25% and
50%. This restoration action, along with the other actions proposed for Clear Creek, are expected to
nearly double exigting populations of salmon and stedlheed.

Cow Creek -

Limiting factorsand potential solutions - Primary land and water useactivitiesin the Cow Creek
drainage include timber harvest, livestock grazing, and hydropower production. Lossof habitat and water
diversonsarelargely dueto activities associated with livestock production. The Cow Creek weatershed is
in reaively good condition and measures to protect existing habitat from water diversion, cattle grazing,
creekside development, and grave extraction should maintain and preserve habitat conditions. Primary
limiting factors for chinook samon and stedhead are low fdl and summer flows affecting attraction,
migration, pawning, and rearing, caused in part by irrigation diversons. Irrigation diversons aso affect
stedhead by delaying or blocking adult upstream migration and the entrainment of juvenilemigrants. Table
3-Xb-2 ligs key limiting factors to sdlmon and stedlhead in Cow Creek and potentia solutions.

Water diversions - The only laddered dams and screened diversions are part of
hydropower fecilities. Agricultural diversons are unscreened, and ditches are unlined and poorly
maintained. Nearly al the larger irrigation diversons occur within the tributary streams above the valley
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floor and generaly do not limit chinook salmon migration to potentia upstream spawning habitat (Harvey
pers. comm.). Theone possibleexception to thisisthe concrete based flashboard diversion on North Cow
Creek near Bella Vigta (1.3 miles below Indian Oak Road) that presents a potentia barrier. Irrigation
diversonstypicaly operatefrom April through October and cannegaively afect stream flowsimportant for
fdl-run attraction, migration, and spawning. Habitat surveys conducted by DFG in 1992 identified severa
permanent and temporary irrigation diversons in the various tributary streams, including 13 diversorsin
South Cow Creek, 10 diversions on Old Cow Creek, one on Clover Creek, and two on North Cow
Creek. No surveys were conducted on Oak Run Creek. According to DFG, no summary data readily
exig for information on diverson rights (i.e., ownership, magnitude, and duration).

Steelhead are directly affected by water diversion because they impede upstream migration of adults and
entrain downgream migrating juveniles. Agriculturd diversions and Pacific Gas and Electric Company's
(PG& E's) hydropower diversions on South Cow Creek aso reduce summer flowsimportant for juvenile
sedhead rearing. Colleen Harvey identified potentia migration barriersto adult steelhead. All agriculturd
diversons are unscreened.

Livestock grazing - Livestock grazing has reduced riparian vegetation and eroded
streambanksin the varioustributary stresmsand in the mainstem Cow Creek. Sedimentation will continue
to degrade the quality of spawning gravel in Cow Creek. Habitat surveys conducted by DFG in 1992
identified stream sectionswithin the varioustributarieswhere excessve erosion has occurred. Fencing these
stream sections to protect the riparian corridor has been recommended for gpproximately 42,600 feet of
stream on South Cow Creek, 45,600 feet on Old Cow Creek, 39,120 feet on Clover Creek, and
19,500 feet on North Cow Creek (Harvey pers. comm.).

Urbanization - Population growth inthetowns of Palo Cedro, BellaVista, Ok Run, and
Millville is resulting in increased demand for domestic water and is affecting riparian habitat within the Cow
Creek watershed (Reynoldset d. 1993). Creekside development projectswill continueto threaten existing
habitat conditions unless appropriate measures are taken to ensure that riparian corridors are protected.
DFG has worked with Shasta County to address riparian concerns in its recently revised Shasta County
Genera Plan (ShastaCounty 1993). The plan currently includes provisionsto protect theriparian corridor
within the watershed.

Gravel mining - Gravel mining occurred in North Cow Creek between BellaVistaand
Pdo Cedro near the confluence of Dry Creek. Gravel extraction has destroyed the riparian area and
removed in-channd gravel. Chinook salmon spawning and rearing habitat have been adversdly affectedin
thisarea. Currently, gravel miningin Cow Creek has ceased but itseffects till remain. The recently revised
Shagta County General Plan includes specific ordinances that currently prohibit gravel mining operations
within the watershed.
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Table 3-Xb-2. Key limiting factors for chinook salmon and steelhead
in Cow Creek and potential solutions to those problems.

Limiting factors Potentid solutions

Instream flow Work with water right holders to obtain agreement for
additiond flows

Adult passage Work with water right holders to obtain agreement for
improved passage at diversons

Entranment Screen diversons

Livestock grazing Fence riparian corridors to exclude livestock

Urbanization and creekside Work with county and private land ownersto develop a

development riparian corridor protection zone

Gravd mining Eliminate indream gravel extraction operations

Restoration actions -

Action 1. Work with water right holders to obtain an agreement for adequate flows for fal-run chinook
sdmon migrations and spawning and juvenile sedhead rearing.

Objective: Provide suitable passage and early spawning flows for fdl-run chinook samon adults
(particularly in dry water years) and adequate flows for juvenile steelhead rearing.

Location: South Cow, Old Cow, Clover, and North Cow Creeks and possibly Oak Run Creek.

Narrativedescription: Agriculturd diversonson varioustributaries and streams have reduced streamflows
important for migration and early spawning of fal-run chinook saimon (primarily during dry years in
mainstem Cow Creek and in South Cow Creek. Irrigation diversonsand PG& E hydrodectric diversons
on South Cow Creek have aso reduced juvenile stedhead rearing habitat in the tributary streams,
particularly during summer. DFG habitat surveys conducted in 1992 have documented the number and
location of agriculturd diversions on most of the main tributary streams that generdly operate from April
through October of each year. Thirteen agricultural diverson exist on South Cow Creek, ten on Old Cow
Creek, one on Clover Creek, and two on North Cow Creek. No surveys were conducted on Oak Run
Creek.
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Rdated actions that may impede or augment the action Some solutions depend on additiona
investigations. Although no IFIM studies have been conducted on Cow Creek, DFG has suggested that 50
cfs(measured at the Millvillegauge) be maintained during October. Thisshould provide adequate migration
and spawning flows for fal-run chinook samon until DFG has completed the indream flow studies to
evauate overdl needs for migration, spawning, and rearing of anadromous fish.

Agency and organization rolesand responsbilities. Additiond investigations need to be carried out
on dl of the tributaries to examine current ownership and the specifics of the water rights. Specific cand
maintenance programs need to be identified to minimize water losses DFG should have primary
respongibility for devel oping an agreement with water usersto obtain the necessary flowsfor fal-runsamon
and sedhead. DFG should dso have lead responghility for identifying specific cand maintenance
programs. SWRCB should assist DFG in these efforts.

Potential obgtacles to implementation:  Diverters may oppose the suggested improvements or
accepting ligbility or operation and maintenance costs. A reasorgble plan will have to be negotiated
between private diverters and responsible agencies to balance legitimate needs of agriculture, power
generation, and fishery resources. Effortsto sort out water rights, gage and monitor stream flows, determine
ingtream flow needs, and possibly purchase supplementa water will require funding and agency involvement.
Adequate funding and staff must be available to DFG and SWRCB to cover these costs.

Predicted benefits: Obtaining additiond fal flows from current weter users will sgnificantly enhance
atraction, migration, and spawning habitat for fal-run chinook salmon, particularly in dry years. Additiona
summer flows will enhance steelhead rearing habitat, particularly with other actions taken to improve
passage and reduce entrainment (see Actions 5 and 6). Projected benefitswould be best addressed after an
ingream flow study is conducted to determine migration, spawning and rearing needs for al anadromous
sdmonids.

Action 2: Effectively screen agriculturd diversons
Objective: Prevent loss of juvenile steelhead due to entrainment.
Location: Various agriculturd diversonsin the tributary watersheds.

Narrative descriptiont Agriculturd diversons on Cow Creek are unscreened. The extent to which these
diversons entrain juvenile steehead is currently unknown; however, DFG conducted surveys on various
Cow Creek tributariesin 1992 and found that diversonstook nearly 50-100% of the available stream flow
(Harvey pers.comm.). If theexisting sted head spawning and rearing habitat isenhanced through increased
flows and passage improvements, then screening will be necessary.
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Redated actions that may impede or augment the action  Additiona studies will be needed to
identify diversons that sgnificantly affect the fishery. Screening should be accomplished where instream
flow and passage issues are resolved.

Agency and organization roles and responsbilities DFG should have primary responshility for
conducting studies to identify diversons that require screening. DFG should aso be responsible for
identifying screening dternatives to reduce stedlhead mortdity. USFWS and the NMFS should support
DFG.

Potential obgtaclesto implementation: The cost to screen private diversonswill be objectionableto
individua owners. Thiseffort would haveto find funding for screen ingdlation and maintenance. Adequate
funding would aso be needed for fish screen design studies and agency involvement.

Predicted benefits. Effectively screening diversons will prevent the loss of juvenile sedhead and
subsequently increase production.

Action 3: Improve passage a agricultura diverson dams.
Objective: Improve passage for adult steelhead and increase steelhead spawning and rearing habitat.
Location Various agricultura diversons from Cow Creek above the valey floor.

Narrative description: DFG hasidentified severd natura structuresand agricultura diversonsthat may be
potential migration barriersto adult steelhead (Harvey pers. comm.). Most water diversonsin Cow Creek
operate from April through October. Some diversions are temporary and may not be migration barriers,
however, saverd diverson structures remain in place throughout the year and limit or impede migrating
adults.

Related actions that may impede or augment the actions: Agency efforts have been successful in
requiring PG&E to build a ladder at its hydrodectric diverson on South Cow Creek. The Olsen
Hydroelectric Project on Old Cow Creek has also constructed a fish ladder.

Agency and organi zation rolesand responsbilities: DFG, acting asthelead agency, should contact
al water right holdersto determine operating procedures and identify actionsto rectify passage problems.
Potentia solutions include replacing dams with pumps, ingaling ladders, consolidating diversons, and
temporarily removing dams. USFWS should support DFG.

Potentid obstacles to implementation: Diverters may oppose suggested solutionsfor fish passage
improvements or operation and maintenance costs. Cost for passageimprovements may be prohibitivefor
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private diverters. Alternative funding sources may be necessary for passage improvements. Adequate
funding and staff must be available to DFG and USFWS to cover these costs.

Predicted benefits. Improving or providing passage at diverson dams will increase the usable holding,
pawning, and rearing habitat for steelhead. Increased productionwill likdy result from improved passage.

Bear Creek -

Limiting factorsand potential solutions - Unscreened diversonsinthevalley reach arethought to
bethemgor limiting factors. Naturd flowsare often lessthan the combined rights of the diverters, resulting
in atota dewatering of the creek in the valey reach during critical periods for sdmon. Table3-Xb-3ligs
limiting factors to salmon and stedlhead in Bear Creek and potentia solutions.

Table 3-Xb-3. Limiting factors for chinook salmon and steelhead
in Bear Creek and potentia solutions to those problems.

Limiting factors Potentid solutions

Hows 1. Provide an dternate source of water
2. Purchase exiging water rights from diverters

3. Initiate legd action to provide instream flows

Entrainment Build and operate fish screens on dl diversons

Restoration actions -

Action 1: Regtoreingream flows.

Objective: Provide adequate ingtream flows to permit safe passage of juvenile and adult sdmon and
steelhead at key times of the year.

Location: Bear Creek from the Sacramento River to Bear Creek Fals.
Narrative description: Inmost years, and particularly dry years, flowsin Bear Creek areinsufficient and do

not dlow passage during spring and early fal mostly due to agriculturd diversons. Precise volumes
necessary for passage have not yet been defined.
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Related actions that may impede or augment the action  Cooperative agreements have been
implemented on Deer and Mill Creeksto exchange ingtream flowsfor groundwater during key timesof the
year with the intent of refining volumes and timing in future years. Such agreements that provide pumped
groundwater in place of diverted stream flows could aso be negotiated with the Bear Creek water right
holders. Two additiona avenues exist to achieve required flows. (1) purchase of an existing water right or
(2) legd action.

Agency and organization roles and responsbilities  USFWS, DFG, DWR and water rights holders
need to collaborate on solutions for this action to work. DFG should take the lead role to initiste
negotiations with the water right holders.

Potential obstacles to implementation None.

Predicted benefits: Recovery of thefal-run salmon on asustainable basis requires acons stent guaranteed
flow during the key migration periods, late summer and eaxly fal. It isthus anticipated that achieving the
specified flows is essential to meeting the specified recovery gods.

Action 2: Build and operate fish screens on al unscreened diversions.
Objective: Prevent losses of migrating juvenile fal-run sdmon and stedhead into agriculturd diversons.
Location Sacramento River to Bear Creek Fdls.

Narrative description: None of the agricultural diversonson Bear Creek are screened. |f adequate flows
are acquired, it will then be necessary to screen dl remaining diversons during spring.

Related actions that may impede or augment the action The success of this action depends on
acquiring the necessary flows described in Action 1.

Agency and organization roles and responghilities DFG, with assstance from USFWS and DWR,
should contact the diverters and begin implementing screening.

Potential obstacles to implementation None.

Predicted benefits: Actions1 and 2 must be accomplished with the anticipated benefit that salmon runswill
return to, or exceed, DFG-estimated production and restoration goals.

Cottonwood Creek -
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Limiting factors and potential solutions- Gravel mining on thevaley floor has sgnificantly reduced
or eiminated available spawning area. In addition, poor land use practices are thought to have resulted in
increased water temperatures and siltation and contributed to armoring of previoudy utilized spawning
areas. Table 3-Xb-4ligtskey limiting factorsfor salmon and steel head in Cottorwood Creek and potentia
solutions.

Table 3-Xb-4. Key limiting factors for chinook sdlmon and steelhead in
Cottonwood Creek and potential solutions to those problems.

Limiting factors Potentid solutions

Grave 1. Redrict or diminate gravel mining in important spawning arees
through county zoning or Sate legidation

2. Rip and clean or recongtruct sddmon spawning riffles on the
south Fork Cottonwood Creek below Dippings a dam site
and on lower Cottonwood Creek below the South Fork

Straying 1. Congruct barier to prevent fall-run chinook sdmon from
entering Crowley Gulch asthe result of atracting flows caused
by releases from the ACID

Water temperatures and 1. Edablish land use management practicesin the watershed to
dltation restore and protect riparian vegetation and control erosion

2. Implement revegetation and erosion control program to restore
lost riparian areas

Restoration actions -

Action 1. Protect and enhance spawning gravel.
Objective: Increase spawning opportunity.
Location Valey sections of Cottonwood Creek.

Narrative description: Spawning gravel in the Sacramento River system is a limited resource, and
Cottonwood Creek isone of the most important sources. Gravel has been mined in Cottonwood Creek for
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many years and has damaged spawning aress and sgnificantly reduced grave recruitment into the
Sacramento River. Two mgor gravel minesoperate onthe creek near Interstate 5. Potentia regulaionsto
improve stream habitat include confining gravel extraction to off- stream terrace areasand mining only gravel
of asizenot used by spawners. Because some spawning gravels have become armored or compacted with
sediment and unfit for pawning, a program is needed to rip and clean affected spawning riffles and to
reconstruct additiond riffleswhere possble.

Rdated actionsthat may impede or augment theaction Shastaand Tehama counties have enacted
gravel mining ordinances that serve to protect critical spawning aress.

Agency and organization roles and respongbilities. DFG should continue to work with both
counties in an effort to sop any new gravel extraction permits from being issued for streams supporting
anadromous fish and to improve existing gravel extraction practices. DFG should dso takethelead rolein
implementing spawning gravel rehabilitation where necessary.

Potential obstacles to implementation None.

Predicted benefits. Reduction of ingtream gravel mining and rehabilitation of existing spawning riffles will
produce long-term benefits to salmon in Cottonwood Creek and protect a valuable gravel source for the
Sacramento River.

Action 2: Eliminate attraction flowsin Crowley Gulch.

Objective: Eliminate mortdities from stranding.

Location The ACID's waste gate a Crowley Gulch.

Narrative description: The ACID currently rel eases excesswater into Crowley Gulch through awaste gate.

Such rel eases have attracted adult fal-run saimon into achanne with no spawning habitat, which resultsin
granding.

Rdated actions that may impede or augment the action Construction of abarrier at the mouth of
Crowley Gulch will prevent adult entries and stranding.

Agency and organization roles and responghilities: With support from USFWS and DWR, DFG
should take the leed role in working with the ACID on this action.

Potentia obstacles to implementation
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Predicted benefits: Eliminating adult mortdities a this Ste will provide additiond fdl-run spawnersto the
sysem.

Action 3: Improve land use practices.

Objective: Reduce water temperatures to improve holding, spawning, and rearing habitat and reduce
gltation and sedimentation of existing spawning grave.

Location Mouth to upper end of watershed.

Narrative description: Incompatible land use practices such as overgrazing, road building, timber harvest,
and development have resulted in watershed degradation. This degradation is believed tohaveresultedin
increased water temperatures, siltation, and reduced spawning habitat. Regulatory actionsneed to betaken
to control timber harvest, grazing, and road building need to diminate additiona damage to the watershed.
In addition, active programs need to be implemented to restore riparian vegetation where necessary.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities DFG should investigate and work with
respons ble agencies and stakehol ders to facilitate watershed protection and restoration.

Potential obstacles to implementation None.

Predicted benefits. Increased sdlmon productivity will result from decreased water temperatures and
improved spawning aress.

Battle Creek -

Limiting factors and potential solutions - Table 3-Xb-5 ligs key limiting factors for chinook
sdmon and stedhead in Battle Creek and potentia solutions.

Hydrogener ation devel opment - The primary factor that limitsthe potentia production of
anadromousfish above Coleman Powerhouseisstream flow. Bypassflowsrequired by the Federa Energy
Regulatory Commission (FERC) project license at PG& E's diversons are only 3 cfson North Fork and 5
cfs on South Fork (Federd Power Commisson 1976). Substantidly grester flows will be required for
samon to reproduce successtully. All PG& E's diversons are unscreened and the effectiveness of thefish
laddersis unknown. Additiondly, the outflow from power generation facilitiesisgenerdly greeter than the
creek flow. Thiscauses somefishto stray toward the higher flow, and the fish may become stranded inthe
event of a powerhouse shutdown.
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There is biologica judtification to implement restoration of Battle Creek on along-term plan that can be
phased in over 20 years. Becausetheresdua populations of spring-run samon and steelhead are so smdll,
thereisno need to immediately increase flows throughout the entire 41- mile siream system. Thefirst phase
of the project would confine the anadromous fish to areach of stream that is large enough to meet habitat
requirements of a growing population, yet small enough to increase spawning success by confining the
mating pairs to a smal enough area where they can find each other. Action 3 describes this initid
restoration phase and recommended interim flows.

Agricultural diversions- Therearetwo sgnificant agriculturd diversonsonthemaingam
of Battle Creek: the Orwick and Gover diversons. Only the latter is screened. However, the Gover
diverson fish screenislocated part way down the ditch and prevents only juvenile entrainment. Adultsare
often seen spawning in the cana and are presumed to gain accessto the areabel ow the screen by jumping
over the screen (visud observation, DFG-Redding and USFWS-Coleman Nationa Fish Hatchery (CNFH)
and Northern Centrd Valley Fishery Resource Office).

Barriersto migration - Sncethe congtruction of CNFH, natural sdmon and edhead fal-
run and late fal-run spawning in Battle Creek has for the most part been limited to the 5.7 miles from the
mouth to the hatchery weir. CNFH personnel have expressed concern that substantia spawning of
anadromousfish upstream from the hatchery water supply intake could result in disease organismsaffecting
hatchery production. During 1985-1989, as many as 10,000 fall-run spawners surplus to CNFH's egg-
taking needs were released into Battle Creek above the hatchery weir to spawn naturally. Because of
concerns for potentia disease problems related to decomposing carcasses in the hatchery water supply,
which is taken from the Coleman Powerhouse tailrace before the flow returns to Battle Creek, thefish
ladders on PG& E's two lowermost diversions (Wildcat on the North Fork and Coleman on the South
Fork) were purposdly closed precluding migrations into the middle reaches of those streams.

Large boulders in the Eagle Canyon reach of North Fork Battle Creek creste a probable barrier to
upstream migration of salmon (Payne & Associates 1991a).

Disease control - An additiond management consderation with introducing anadromous
fish into upper Béttle Creek istheincreased risk of diseasein CNFH. Itisalso possibleto reduce disease
risk to the hatchery by sterilizing the effluent from thelarge number of aquaculturefadilitiesthat dischargefish
pathogensinto upper Battle Creek with aproposed multimillion dollar ozone water trestment system. This
system will ultimately facilitete reintroduction of anadromous fish into 41 miles of dream. Until then,
hatchery disease risk can be managed by separating the hatchery water supply from the first 17 miles of
upper Battle Creek using existing power canas dong with some minor modification of the water ddivery
system for the hatchery. This action provides a low-cost interim action, opening up a 17-mile reach of
stream that can support anadromous fish above the hatchery.
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Table 3-Xb-5. Key limiting factors for chinook salmon and steelheed
in Battle Creek and potential solutions to those problems.

Limiting factors Potentid solutions

Water flow Increase bypass flows at PG& E diversons to quantities needed to
provide near-optimum trangportation, spawning, and rearing of
anadromous fish

Upstream passage of adults 1. Allow passage a the CNFH weir
2. Modify the barrier in Eagle Canyon

3. BExaminefish ladders at PG& E dams for effectiveness
particularly during increassed flows, modify as necessary

Entranment 1. Effectively screen Orwick diverson

2. Effectively screen dl PG& E diversons within the reach of
potentia anadromous fish distribution

Straying of adults 1. Effectively screen Gover diverson to prevent adult sdmon
from entering the ditch

2. Effectively screen tailrace at Coleman Powerhouse

Potential disease problemsat | Ingtal water trestment facilities capable of completely removing
Coleman Nationd Fish disease organisms from the hatchery water supply. Asinterim
Hatchery solution, ingtal bypass pipe from Coleman Powerhouse Forebay
to Coleman Powerhouse tailrace channel

Restoration actions -

Action 1. Treatment of CNFH water supply.
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Objective: Eliminate the potential for waterborne disease to adversdly affect hatchery production.
Location: CNFH.

Narrative description:  Personnel from CNFH have expressed concern that decaying carcasses of

gpawned-out chinook salmon upstream from the hatchery water supply intake could release disease
organismsthat might adversely affect hatchery operation. The hatchery water supply trestment should be
improved so that it will completely remove disease organisms. Fundsfor sterilization of the hatchery water
supply are currently appropriated through the USBR. Due to the enormous cost of the project, the
congtruction isbeing accomplished in phasesand the project is presently cgpable of tresting only about 25%
of the hatchery water supply. Thefina completion dateis uncertain. Achieving the benefits of most other
actionsare contingent on compl ete treetment of thewater supply. A lower cost interim solutionisto ddiver
disease-free Coleman Cand water to the hatchery by ingtdling a bypass pipe from the Coleman
Powerhouse Forebay to the Coleman Powerhouse Tailrace channd that feeds the hatchery (Rectenwald
pers. comm., CH2M Hill 1994). Thisbypasswill beused only when the powerhouseis shut down during
load rejection.

Rdated actions that may impede or augment the action: None.

Agency and organization roles and responsibilities  USFWS and the USBR should seek budget
augmentations or redirection so that the project will be completed in atimey manner.

Potential obstaclesto implementation: Funding of the project depends on Congressiond gppropriations.
Attempts to reduce federd budget deficits could ddlay necessary funding.

Predicted benefits: Providing adisease-free source of weter to CNFH will likely incresse hatchery survival.
Additionaly and probably most importantly, implementation of this action will support the endeavor for
providing fish passage above the CNFH weir. Providing passage at thispoint will enablefishto gain access
to approximately 41 miles of stream. This action, in concert with the other proposed actions, would
incresse anadromous fish runs by an estimated 4,500 fall-run, 4,500 late fal-run, 2,500 winter-run, and
2,500 spring-run chinook salmon and 5,700 steelhead trout. These estimates are based on the amount of
potential spawning substrate in reacheswhere different species'races would be expected to spawn (Kondolf
and Katzd 1991), the amount of substrate required per redd (Reiser and Bjornn 1979), and the
professond judgment of DFG biologists.

Action 2. Allow passage above CNFH wair.

Objective: Increase available habitat for al sdmonid runs and life sages.
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Location CNFH welir.

Narrative description: CNFH operatesaweir at RM 5.7 that prevents passage upstream and directsfish
into the hatchery. Currently, the weir isin operation from July through March. This prevents passage of
nealy dl fdl-run and lae fdl-run chinook salmon and stedhead. Substantia superimposition of fdl-run
redds occursin yearswhen large numbers of fish return. During extreme high flows, salmon and stedheed
areableto swim over thewelr to spawn upstream (Cootsand Hedley 1966). Inthelate 1980s, fall-runfish
were alowed passage above the CNFH weir when production goals were met.  Currently, spring- or
winter-run chinook salmon that reach the weir from April through June are dlowed to pass upstream.

One of the main reasons for denying passage a the welr is to prevent spawned-out carcasses from
introducing disease organisms into the hatchery water supply. CNFH diverts water from Battle Creek
above the hatchery weir. Currently CNFH is developing facilities for treating its water supply.

Because CNFH isoperated to compensatefor blocking spawning grounds upstream from ShastaDam, any
partia or seasona blockage at the CNFH weir for accommodating hatchery operationsis animpact of the
CV P and as such may require mitigationin accordance with Section 3406(b)(I) under "other impacts' of the
CVP. Avoiding any blockage that interferes with the natura production of Battle Creek will reduce the
mitigation obligations of the CVP.

Hankin (1991) determined that it isfeasbleto maintain both natura production and hatchery productionin
Battle Creek. Oncethewater treatment facilitiesare completed, fish should be allowed accessto the creek
abovethewar. All spring-runand winter-run fish should be allowed passage. Passage of fdl-run and late
fdl-run chinook salmon and stedlhead should be evenly didtributed throughout the run. The time and
number of fish to place over the weir should be based on the estimated size of the run returning to the
hatchery and hatchery production godls.

Related actionsthat may impede or augment theaction: Thisaction dependson completion of Action 1.

Agency and organization roles and responshilities: The action will beimplemented by USFWS once
Action 1 iscomplete. Action 1 depends on funding to be obtained by the USBR.

Potential obstacles to implementation  Requires funding to complete Action 1.

Predicted benefits. Passage above the weir will provide approximately 41 miles of spawning and rearing
habitat for chinook salmon and steelhead. Providing accessto additiona spawning habitat for fal-runwill
likely increase production for Battle Creek because it is believed that available spawning habitat below
CNFH is utilized at capacity.
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This action, in conceart with the other proposed actions, would increase anadromous fish runs by an

estimated 4,500 fdl-run, 4,500 late fal-run, 2,500 winter-run, and 2,500 spring-run chinook salmon and
5,700 stedlhead trout. These estimatesare based on the amount of potential spawning substratein reaches
where different species and raceswould be expected to spawn (Kondolf and Katzel 1991), the amount of
subgtrate required per redd (Reiser and Bjornn 1979), and the professiona judgment of DFG biologists

Action 3: Increase bypass flows a PG& E's hydropower diversions.

Objective: Provide streamflow of sufficient quality and quantity to provide adequate holding, spawning, and
rearing habitat.

Location: All hydropower diversions on North Fork and South Fork Battle Creek.

Narrative description: Many different factorsare consdered when determining instream flow requirements
at hydropower diversions, including hydrology, stream temperature, run timing, the relationship between
streamflow and physica habitat available to fish, and the impact on power generation. ThomasR. Payne
and Associates (1991a) evauated the relationship between streamflow and physica habitat available to
variousanadromousfish life-history stagesfor severd reachesof Battle Creek. Whilethefollowinginstream
flows are subject to revision based on additiona andlyses, they are offered asan indication of the magnitude
of flows needed to optimize anadromous fish production:

Diverson Months Flow (cfs)
Keswick All year 30
North Battle Creek feeder September-November 40
January-April 40
May-August 30
Eagle Canyon May-November 30
December-April 50
Wildcat May-November 30
December-April 50
South May-November 20
December-April 30
Inskip May-November 30
December-April 40
Coleman September-April 50
May-August 30

The regtoration of anadromous fish in Battle Creek will be implemented in a phased approach. The
optimum flowslisted abovewill not be required until the population growsto asize sufficient to utilizedl the
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available habitat. The initid restoration phase in the 17-mile reach between the Coleman fish barrier and
Eagle Canyon Dam on the North Fork and Coleman Diversion on the South Fork will requirethefollowing
interim actions:

1) Eagle Canyon Dam - Release 40 cfsfrom Eagle Canyon Dam from September 1to April 1
and 30 cfs the remainder of the year. The source for the release would be dl the springs
diverted into the cand, plusasmall amount of surfaceflow. Closethefish ladder dl year.

2) Coleman Diverson - Release 50 cfsfrom Coleman Diversion from October 1 to February
1 and 30 cfsfor the remainder of the year and close the fish ladder al year.

3) Wildcat Diverson - Close Wildcat Diverson to dlow dl the spring water to remainin the
creek and avoid entraining juvenile outmigrants in the power cand.

4) Coleman Forebay - Deliver cand water to the hatchery through a bypass pipe from the
Coleman Power Plant forebay to the plant=s outlet (tailrace) channd.

The preliminary engineering cost esimate for the pipeline and work on the hatchery ddivery sysem is
$1,000,000. This interim effort would delay the need to ingtall and operate an expensive ozone water
treatment plant. This bypass represents aloss of power production with an estimated vaue ranging from
$220,000 to $640,000 per year (including the recommended fish water release), depending on the runoff
and power prices. The vaue of the fal-run salmon production exceeds $700,000 per year based on the
commonly accepted median value of $100 dollars per sdmon. The spring-run chinook salmon and
steelhead production would increase the val ue of this production 3-10 times, based on exigting vauesand
the value of avoiding future litings under the Endangered Species Act.

This action item and actions 6, 7, and 8 are mostly reasonably the responsibility of PG& E to mitigate the
adverseimpactsof the Battle Creek Project. They will, however, be costly intermsof capital construction
costs and lost power generation, and PG& E would be expected to resist being saddled with these costs.
The Battle Creek Project islicensed by FERC (the present license expires July 31, 2026), which hasthe
lega authority to order that the needed changes be implemented (Article 44 of the license).

Related actions that may impede or augment theaction: All of the other actionsarerequiredtogain
maximum benefit from this action.

Agency and organization roles and responghbilities DFG, CVRWQCB, USFWS should seek
PG& E cooperation in providing improved flows and temperatures below project diversons. If such an
attempt should fail, the agencies should petition FERC to reopen the project license and direct the licensee
to release the necessary flows.
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Potential obstacles to implementation: Requires cooperation on the part of PG&E. Inadequate
DFG and/or USFWS teff available to pursue and complete the needed regulatory actions.

Predicted benefits Increased water releases, in combination with Actions 2 and 9, will make available
aoproximately 41 miles of spawning and rearing habitat. The recommended flows will provide sufficient
habitat for achievement of the identified restoration goals. This action, in concert with the other proposed
actions, would increase anadromous fish runs by an estimated 4,500 fal-run, 4,500 late fdl-run, 2,500
winter-run, and 2,500 spring-run chinook salmon and 5,700 steelhead trout. These estimatesarebased on
the amount of potential spawning substrate in reaches where different species'races would be expected to
gpawn (Kondolf and Katzel 1991), the amount of substrate required per redd (Reiser and Bjornn 1979),
and the professiond judgment of DFG biologists. Phasing anadromousfish productioninto thefirst 17 miles
of upper Battle Creek could produce 6,000 fall-run chinook sdlmonimmediately, 1,000 spring-run chinook
sdmon by 2015, 1,000 steelhead by 2015, and reintroduction of asmall population of winter-runsdmonby
2015 (Rutter 1901, DFG 1966).

Action 4. Congruct rack to prevent adult ssdmon from entering Gover Diverson.
Objective: Prevent loss of spawning adult fal-run chinook samon.
Location: Head of Gover Diverson Cand.

Narrative description: The Gover Diversion, creek mile 5.3, iseffectively screened part way down theditch
to prevent juvenile sdmonid entranment. However, in some years adult fal-run chinook sdmon are
observed in the ditch both above and below the fish screen (DFG, USFWS-CNFH, and Northern Central
Vdley Fishery Resource Office observations). Itisbelieved thesefish areableto jump over thefish screen
or swim up the channelsthat convey excessive water back to Battle Creek. Fry produced in the ditch are
presumed lost to diverson. A bar rack with openings not grester than 2 incheslocated at the head of the
diversion has been suggested, dong with some sort of barrier a the terminus of the waste gates.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities. DFG needsto cooperate with the ditch owner
to develop an effective meansto prevent adult sdmon from spawning inthe channdl. DFG'sscreenshopin
Red Bluff should investigate the Site and devel op suitable screening. |f screening is not feasible, then DFG
should discuss other optionswith the ditch owner such asimplementing conservation measuresto reducethe
ditch flow during the spawning period.

Potential obstaclesto implementation Requires the ditch owner's cooperation.

Predicted benefits. Effectively screening thisdiverson from adult entry to the cand will prevent adult sdmon
from spawning in alocation where reproduction will not contribute to population maintenance.
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This action, in concert with the other proposed actions, would increase anadromous fish runs by an
estimated 4,500 fdl-run, 4,500 late fal-run, 2,500 winter-run, and 2,500 spring-run chinook salmon and
5,700 steelhead trout. These estimates are based on the amount of potential spawning substratein reaches
where different species/races would be expected to spawn (Kondolf and Katzel 1991), the amount of
substrate required per redd (Reiser and Bjornn 1979), and the professiond judgment of DFG biologidts.



3-Xb-28 WORKING PAPER ON RESTORATION NEEDS

Action 5: Screen Orwick Diverson.

Objective: Prevent straying of spawning adult fal-run chinook sadmon and prevent entrainment of juvenile
samonids.

Location Head of Orwick diversion ditch.

Narrative description: The Orwick diversion, creek mile 7.3, is unscreened and would entrain adult and
juvenilesamon if passageisafforded at the CNFH weir. DFG has constructed ascreen, and itisready for
placement. However, it has not been ingtalled because of alack of cooperation by theland owner. Section
6021 of the Fish and Game Code requires the owner of a conduit to grant access for the ingtalation and
maintenance of the required screen.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responsbilities. DFG should pursue compliance with the law
and complete ingalation of this screen.

Potential obstacles to implementation: Requires-cooperation by the landowner.

Predicted benefits. Effective screening will prevent adult fish from entering the diverson ditch where any
spawning would not be productive and will ensurethat juvenile sdmonidsare not logt to entrainment. This
will increase escapement in future years.

This action, in conceart with the other proposed actions, would increase anadromous fish runs by an
estimated 4,500 fdl-run, 4,500 late fal-run, 2,500 winter-run, and 2,500 spring-run chinook salmon and
5,700 stedlhead trout. These estimatesare based on the amount of potential spawning substratein reaches
where different species/races would be expected to spawn (Kondolf and Katzel 1991), the amount of
subgtrate required per redd (Reiser and Bjornn 1979), and the professiona judgment of DFG biologigts.

Action 6: Screen tailrace of Coleman Powerhouse.

Objective: Prevent straying of spawning adult chinook salmon and steelhead.

Location: Outfdl of Coleman Powerhouse.

Narrative description: Flows released from Coleman Powerhouse are generally greater than flowsin the
main creek channel above the powerhouse. The tallrace flow attracts upstream-migrating adult sdmon

where there islimited spawning habit and where the fish or the resulting spawn could be dewatered in the
event of a powerhouse shutdown. This occurs only when fish are allowed to pass the CNFH waelir.
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DFG has congiructed an effective barrier on the outfal of alateral from Gover ditch (near the Riverview
Restaurant) that could be used as a modd.

Thisaction item, aswell as Actions 3, 7, and 8, ismost reasonably the respongbility of PG& E to mitigate
the adverse impacts of the Battle Creek Project. These action will, however, be costly in terms of capital
construction costs and lost power generation, and PG& E would be expected to resist being saddled with
these costs. The Battle Creek Project is licensed by FERC (the present license expires July 31, 2026),
which hasthe legal authority to order that the needed changes be implemented (Article 44 of the license).

Reated actions that may impede or augment the action None.

Agency and organization roles and responshilities: DFG and USFWS should actively pursue
development of the needed barrier through adminigtrative or lega action.

Potential obstacles to implementationt Requires cooperation on the part of PG& E. Unavailable
DFG and/or USFWS staff to pursue and compl ete the needed regulatory actions.

Predicted benefits. Implementing this action will prevent the loss of adults dueto straying and increase the
production in Battle Creek. This action, in concert with the other proposed actions, would increase
anadromous fish runs by an estimated 4,500 fdl-run, 4,500 late fal-run, 2,500 winter-run, and 2,500
spring-run chinook salmon and 5,700 steelhead trout. These estimates are based on theamount of potential

spawning substrate in reaches where different species/races would be expected to spawn (Kondolf and
Katzel 1991), the amount of substrate required per redd (Reiser and Bjornn 1979]), and the professiona

judgment of DFG biologigts.

Action 7: Congruct fish screens at the PG&E diversions.
Objective: Minimizeloss of both adult and juvenile sdlmonids.
Location: All diversons except those upstream from North Baitle Creek Feeder Diversion.

Narrative description PG&E operates six diversions on Baitle Creek within the reach of potential

anadromousfish digtribution, none of which are screened. Anadromousfish spawning could beexpected to
occur as far upstream as above North Baitle Creek Feeder Diversion (to the Cross Country Candl) on
North Fork Battle Creek and South Diverson on South Fork Battle Creek. Contingent on obtaining
necessary flows and providing passage at the CNFH weir, these diversions should be screened to prevent
the loss of adult and outmigrant salmon and stedlheed.
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Specific diversons that should be screened are prioritized as follows: 1) Wildcat Diverson, 2) Eagle
Canyon Diverson (only if barrier described in Action 9 is modified), 3) Coleman Diversion, 4) Inskip
Diverson, 5) South Diversion, and 6) North Battle Creek Feeder Diverson.

Thisaction item, aswell as Actions 3, 6, and 8, is most reasonably the responsibility of PG& E to mitigate
the adverse impacts of the Battle Creek Project. (See the narrative description for Action 6.)

Reated actions that may impede or augment the action None.

Agency and organization roles and responshilities.  Screening is the responshility of PG&E
pursuant to Section 5980 et seq. of the Fish and Game Code and Section 18 of the Federal Power Act.
DFG and USFWS should actively pursue construction of the needed screens.

Potential obstacles to implementationt Requires cooperation on the part of PG& E. Unavailable
DFG and/or USFWS g&ff to pursue and complete the needed regulatory actions.

Predicted benefits: Effective screening will prevent loss of juvenile and adult fish to hydropower diversons.
Thisin turn will increase production on Battle Creek.

This action, in concert with the other proposed actions, would increase anadromous fish runs by an
estimated 4,500 fdl-run, 4,500 late fal-run, 2,500 winter-run, and 2,500 spring-run chinook salmon and
5,700 steelhead trout. These estimates are based onthe amount of potentia Spawning substrate in reaches
where different species/races would be expected to spawn (Kondolf and Katzel 1991), the amount of
subgtrate required per redd (Reiser and Bjornn 1979), and the professiona judgment of DFG biologidts.

Action 8: Evauate the effectiveness of fish ladders at PG& E diversons.
Objective: Ensurethat fish passage is occurring.
Location PG&E dams.

Narrative description: All PG& E hydropower diversion dams havefish laddersthat are assumed to work.
However, the effectiveness of these ladders has not been tested. The current ladders were constructed to
operate with the current bypass flows of 3 cfs(North Fork) and 5 cfs(South Fork). Theincreased flows
(Action 3) required to restore anadromous fish production may affect their ability to pass or attract fish
under the new flow conditionsand their effectivenesswill need to be assessed. Laddersthat are determined
to have poor or no passage should be modified or replaced. PG& E isresponsiblefor the maintenance and
operation of the ladders. DFG should monitor passage a the ladders. Ladders needing improvements
should be fixed based on priority; those with no passage should be fixed first, beginning downstream and
working upstream.




SECTION X. REPORT FROM THE TECHNICAL TEAMS -
B. CHINOOK SALMON AND STEELHEAD 3-Xb-31

Thisactionitem, aswell asActions 3, 6 and 7, ismost reasonably the respongbility of PG& E to mitigatethe
adverse impacts of the Battle Creek Project. (See the narrative description for Action 6).

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities DFG, USFWS, NMFS, and PG& E should
jointly ingpect and evauate the effectiveness of the ladders.

Potentia obstacles to implementation None.

Predicted benefits Assessng the effectiveness of the fish ladders under the new flow regime will ad in
determining passage problems. Doing thiswill enablered timeactionto resolve such problems. Alleviating
passage problemswill ensure utilization of holding, spawning, and rearing habitat for seelhead and for fall-,
latefdl-, winter-, and spring-run chinook sdlmon. Thisaction, in concert with the other proposed actions,
would increase anadromous fish runs by an estimated 4,500 fall-run, 4,500 latefall-run, 2,500 winter-run,
and 2,500 spring-run chinook salmon and 5,700 steelhead trout. These estimates are based on the amount
of potential spawning subgtrate in reaches where different species'races would be expected to spawn
(Kondolf and Katzel 1991), the amount of substrate required per redd (Reiser and Bjornn 1979), and the
professond judgment of DFG biologists.

Action 9: Improve fish passage in Eagle Canyon.

Objective: Facilitate movement of adult salmon and stee head to habitat in north Bettle Creek in and above
upper Eagle Canyon.

Location: Eagle Canyon.

Narrative description: A bedrock ledge and bouldersthat have falen from the canyon wall have created a
probable barrier to upstream migration of anadromous fish through the Eagle Canyon reach of North Fork
Battle Creek (Payne & Associates 1991a).

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshbilities DFG stream improvement personnd are
planning to modify this barrier.

Potential obstacles to implementation None.




3-Xb-32 WORKING PAPER ON RESTORATION NEEDS

Predicted benefits Modification of the barrier will alow access to approximately 8.3 miles of holding,
spawning, and rearing habitat.

This action, in concert with the other proposed actions, would increase anadromous fish runs by an

estimated 4,500 fdl-run, 4,500 late fal-run, 2,500 winter-run, and 2,500 spring-run chinook salmon and
5,700 stedlhead trout. These estimates are based on the amount of potentia spawning substratein reaches
where different species/races would be expected to spawn (Kondolf and Katzel 1991), the amount of
substrate required per redd (Reiser and Bjornn 1979), and the professiona judgment of DFG biologigts.

Action 10: Examine the feaghility of establishing a spawning population of winter-run chinook saimon.

Objective: Increase the genetic diversity and current habitat of the endangered Sacramento River winter-
run chinook salmon.

Locationn Above CNFH Wair.

Narrative description:  While winter-run are assumed to be extirpated in Battle Creek, an additiona
population that spawns in this stream would increase the possibility of recovery of the species and reduce
the probability of the race becoming extinct. Presently, the entire spawning population depends on habitat
conditionsin the Sacramento River below Shastaand Keswick dams. During criticaly dry or consscutivdy
dry years, it isunlikely that Shasta Reservoir will be capable of maintaining or providing the necessary cold
water in the river to support winter-run chinook salmon (about 1 in 10 years). Thisrace of sdmon will
continue to be imperiled by such stuations and years of low rainfal and low water Sorage may delay their
recovery. Rentroduction of winter-run chinook saimon into the Battle Creek drainage following
implementation of thisplan would alow them accessto subgtantia flowsin the upper creek. Thissource of
water is capable of protecting incubating winter-run chinook salmon eggs and fry during severe drought
years because of the cool water provided by springs in the drainage.

Related actionsthat may impede or augment theaction: All of the other actionsarerequired for this
action to succeed at the earliest time possible.

Agency and organization roles and responsibiliies NMFS, USFWS, and DFG, through the
winter-run recovery team, would direct such an effort. Implementation would be carried out by USFWS.

Potential obstacles to implementation None.

Predicted benefits: A successful reintroduction of winter-run chinook samon into Baitle Creek will likely
shorten their recovery period and allow ddlisting earlier than would occur by recovering asingle population
in the Sacramento River. This action, in concert with the other proposed actions, would increase the
winter-run by an estimated 2,500 fish. Thisestimateisbased on theamount of potentid spawning substrate
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in reaches where winter-run salmon would be expected to spawn (Kondolf and Katzel 1991), the amount
of substrate required per redd (Reiser and Bjornn 1979), and the professiona judgment of DFG biologists

Paynes Creek -

Limiting factors and potential solutions - Table 3-Xb-6 ligts key limiting factors for chinook
samon and steelhead in Paynes Creek and potentid <lutions. Paynes Creek is primarily limited by
ingtream flow that isdirectly related to precipitation. Sixteen seasona diversionsaso have someimpact on
flows. Lack of adequate spawning gravel is dso a limiting factor, dthough there are no known gave
extraction projects that would have dtered natura recruitment.

Table 3-Xb-6. Key limiting factors for chinook salmon and steslhead
in Paynes Creek and potential solutions to those problems.

Limiting factors Potentid solutions
Instream flows 1. Negotiate with divertersto release additiona flows at key
times

2. Purchase water rights or provide aternate source of water

3. Initiate legd action to provide ingtream flows

Spawning gravel Construct spawning riffles and periodicdly maintain

Restoration actions -

Action 1: Restore ingtream flows.

Objective: Provide minimum instream flows to improve spawning, rearing, and migration opportunities.
Location: Mouth to upper end of watershed.

Narrativedescription: Ingenerd, flowsin Paynes Creek are most affected by thelack of adequaterainfal.

Benefits could be achieved by acquiring additiond instream water from the seasond diverters because
these are minimal diversons, however, this action, by itsdf, probably would not sgnificantly improve
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aurviva conditions. Paynes Creek isthuslikely only an opportunistic resource dependent on naturd rainfall
conditions.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responghilities; DFG should seek sources of additional water
from diverters particularly in years with moderately low precipitation.

Potential obstaclesto implementation: Inyearswith low precipitation, itislikely thet fish would not
utilize the stream and any additiona water supplied by diverters would be insufficient.

Predicted benefits: Consstent and adequate instream flow levels during the early fal and winter should
provide the necessary conditions for fall-run sdmon production increases. Fish population monitoring will
provide data necessary to define IFIM study requirements and other studies deemed necessary to double
the populations.

Action 2: Restore spawning gravel.

Objective: Increase spawning potentid.

Location Valey section.

Narrative description: No known gravel extraction projects or mgor dams have affected the volume or

availahility of natura spawning gravel. Thus, the addition of gravel and creation of riffleswould potentialy
increase the productive capability of the creek over historicd levels.

Rdated actions that may impede or augment the action None.

Agency and organi zation rolesand respongbilities: DFG should assumetherole of coordinating the
location and placement of additiona spawning gravel to enhance the productivity of Paynes Creek.

Potentia obstacles to implementation None.

Predicted benefits: Improve spawning habitat and theoretically increase production.

Antelope Creek -

Limiting factors and potential solutions - Table 3-Xb-7 ligs key limiting factors for chinook
sdmon and steelhead in Antelope Creek and potentia solutions. Two diverters, the Edwards Ranch and
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the Los Molinos Water Company, have water rights for 50 and 70 cfs, respectively. Naturd flows are
often less than the combined rights of thetwo diverters, resulting in atotal dewatering of the creek below the
canyon mouth during critical periods for sdmon. The average annud naturd flow for 1940-1980, April
through October, was 92 cfs.

Flows in Antelope Creek at the valey floor often split into three channels. The result of this split during
Soring is often insufficient water to support passage for adult and juvenile migration. No clearly defined
channel has been identified, athough human intervention (water diversons) may partialy bethe cause of the
gplit (Harvey pers. comm.).

Table 3-Xb-7. Key limiting factors for chinook salmon and steslhead
in Antelope Creek and potentia solutions to those problems.

Limiting factors Potentid solutions

Agriculturd diversons 1. Provide an aternate source of water to Edwards Ranch
and Los Molinos Mutud Water Company

2. Purchase existing weter rights from diverters

3. Initiate legd action to provide instream flows

How slit Define desired channd and congtruct flow control structure

Restoration actions -

Action 1: Restoreingream flows.

Objective: Provide adequate instream flows to permit safe passage of juvenile and adult sdlmon at key
times of the year.

Location: Edwards Ranch and Los Molinos Mutud Water Company diversion dam at the canyon mouth.

Narrative description: During most years, and paticularly dry years, flows in Antdope Creek are
insufficient to alow passage due, in part, to agricultura diversons. More precise volumes necessary for
passage will be defined in future IFIM studies, however, until then, an estimated interim flow of 50 cfs
seems reasonable to provide passage (Fisher and Harvey pers. comms.).
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Reated actions that may impede or augment the actionr  Cooperative agreements have been
implemented on Deer and Mill Creeksto exchangeinstream flowsfor groundwater during key times of the
year. Such agreements could be negotiated with the Antelope Creek water right holders. Required flows
can aso be achieved with: 1) purchase of an existing water right or 2) legd action.

Agency and organization roles and responsihilities: DFG should devel op cooperative agreements
with water right holdersto gain accessto dternative groundwater for the necessary flows during the critica
times of the year. USFWS and DWR should support DFG's efforts.

Potential obstacles to implementation: Funding for wells and cooperation from water right holders
are important to the success of this action.

Predicted benefits. Recovery of the spring-run, fal-run, and late fdl-run sdmon on a sustainable basis
requires a condgstent minimum guaranteed flow during the key migration periods. It isthus anticipated that
achieving the specified flows is essentia to meeting the specified recovery gods.

Action 2: Create defined stream channdl.
Objective: Reduce infiltration losses and maintain flows to the Sacramento River.
Location Antelope Creek at the canyon mouth.

Narrative description: Passage problemsoccur & the point where Antel ope Creek splitsinto three different
channels near the canyon mouth. Because of these split channds, much water is logt to infiltration,
particularly a key times of the year. Restructuring the streambed for agricultura diversionsis thought to
have caused and is continuing to contribute to the flow splits. If additiona flows are gained astheresult of
Action 1, it is important that any increases are not logt to infiltration. Two options are channd
reconfiguration or congtruction of a permanent flow distribution structure.

Rdated actions that may impede or augment the actionn None.

Agency and organization roles and responghilities: DFG should cooperate with property owners
and DWR to develop asolution. Actions that brought about this problem need to be identified and then
remedied.

Potentia obstacles to implementation None.

Predicted benefits: Actions 1 and 2 must both beaccomplished with the anticipated benefit that sdlmon runs
will return to, or exceed, the basdline production and restoration goals.
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Elder Creek -

Limiting factors and potential solutions - Table 3-Xb-8 ligs key limiting factors for chinook
sdmon and steelhead in Elder Creek and potentid solutions. The Corning Cand siphon, which crosses
Elder Creek just west of Interstate 5, approximately 4 miles from its mouth, crestes abarrier to migrating
chinook salmon during low to moderate flow conditions. Blocking of adult fall-run chinook saimon by the
gphon has been observed on saverd occasions since 1970. Spawning habitat is limited in the lower
reaches of Elder Creek. Fal flows are inconsstent and the available spawning grave is heavily slted.

The stream channel has been extensively manipulated with flood control levees and bank erosion control
projects. The lower stream channel is a Corps flood control project maintained by DWR and Tehama
County.

Table 3-Xb-8. Key limiting factors for chinook salmon and steelhead
in Elder Creek and potentid solutions to those problems.

Limiting factors Potentid solutions

Poor fish passage over Corning Candl Construct afish passage structure over the Corning

siphon Cand sphon

Limited and heavily Slted spawning Adopt an eroson control ordinance to minimize

habitat in lower Elder Creek sediment input and carefully plan and coordinate
flood management activities to integrate fish habitat
improvements whenever possible

Restoration actions -

Action 1. Congtruct afish passage structure over the Corning Cand siphon.
Objective: Improve fish passage for chinook salmon and steel head.
Location: Corning Cand siphon about 4 miles above the mouth of Elder Creek.

Narrative description The Corning Cand siphon creates a barrier to migrating chinook salmon and
steelhead under low to moderate flow conditions (DFG 1993). Because spawning habitat islimited in the
lower reaches of Elder Creek and spawning grave availablethereisheavily sited, thisbarrier probably has
asgnificant impact on chinook salmon production. Congtruction of afish passage Structure over thesiphon
is estimated to cost about $250,000 (DFG 1993).
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Rdated actions that may impede or augment the action None identified.

Agency and organi zation rolesand responsbilities: DFG, with USFWS support and in cooperation
with the water digricts that use the Corning Cand, will take the lead in designing and implementing this
project.

Potentiad obstacles to implementation  Before this project can be congtructed, an engineering
feasbility report and environmental documentation are needed to evaduate this proposa and identify any
dternatives. Thiswork requires funding.

Predicted benefits. Improved fish passage in lower Elder Creek is needed to achieve any sgnificant
increase in anadromous fish production. No specific estimates of fish numbers are available.

Action 2: Adopt an erosion control ordinance to minimize sediment input into Elder Creek.
Objective: Reduce sediment input into Elder Creek.
Location: Elder Creek.

Narrative description: The stream channd of lower Elder Creek is confined within Corps flood control

levees and there has been extensive bank erosion. The channel has been extensvely manipulated by flood
and erosion control activities in order to maintain channd capacity. Tehama County should adopt an

erosion control ordinance to reduce erosion-causing activities and to minimize sediment input. Hood
management activities should be carefully planned and coordinated with appropriate agencies (DWR, DFG,
the Corps, the Reclamation Board, and Tehama County Flood Control) to improve the existing fish habitat.
Specific fisheries habitat restoration projects can usudly beincludedinflood mantenance operationsat little
additional cost. Because USFWS has recently purchased property near the mouth of Elder Creek, it may
be possible to undertake fishery habitat restoration work in conjunction with development of the Middle
Sacramento River Wildlife Refuge.

Related actions that may impede or augment the action: With anticipated reductions in sate and
federd fundingitislikely that loca government and land ownersmay play abigger rolein flood management
work, such asremova of invasve vegetation or protection of eroding banks. Thiscould makeinclusion of
fish habitat improvements more difficuilt.

Agency and organization roles and responsibiliies DWR, DFG, the Corps, the Reclamation
Board, and Tehama County Hood Control should work together to make theflood management activitiesin
Elder Creek more fish friendly.
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Potential obstaclesto implementation: Future agency personnel, local government, and land owners
must be willing to work together to minimize fishery impacts of flood management activities.

Predicted benefits. There is Sgnificant potentia that improved fishery habitat in lower Elder Creek will
provide benefits for migrating juvenile salmonids. Madin and McKinney (1994) found that many minor
tributaries of the Sacramento River, like Elder Creek, are used as temporary rearing habitat by juvenile
sdmonids, which may or may not have been spawned there. Elder Creek is one of those tributaries for
which thereisanecdotal evidence of historica runsof chinook salmon and stedlhead. Elder Creek hasfew
fish today but may have high potentia for restoration.

Mill Creek -

Limiting factors and potential solutions - Table 3-Xb-9 ligs key limiting factors for chinook
sdmon and steelhead in Mill Creek and potentia solutions. The most immediate restoration objectiveisto
provide unimpaired passage for migrating adults and juveniles in the valey floor reach (DFG 1993).
Blockage or ddlaysin fish passage are attributed to insufficient flowsin April, May, June, and October of
dry years due to naturaly occurring low flows and agricultural diversons. Inadequate fish passage
conditions occur during high runoff events a Clough Dam and the middle of the three agriculturd diverson
dams on Mill Creek (DFG 1993).

Spawning habitat for fal-run in lower Mill Creek is limited due to a shortage of high-qudity gravel.
Additiondly, total spawning habitat is reduced by the three dams.

Although poaching has been identified as a potentid problem in the spring-run holding aress, thereare no
gpecific dataasto itsimpact on Mill Creek. Potentia poachingin the upper watershed isbeing addressed
by DFG through a focused law-enforcement and education effort.

Residentid development near Los Malinos is encroaching on Mill Creek's riparian corridor and has the
potentia, through cumulative impact, to Sgnificantly degrade the habitat of the lower creek.

Although the quantity and quality of upstream habitat does not gppear to be limiting for the retoration of
anadromousfish populationsat thistime, degradation of upstream habitat isevidentin somearess. Siltation
is primarily a problem in upstream spawning and nursery areas between State Highway 36 and Big Bend
(The Resources Agency 1989). In addition to the erasion of naturdly occurring land forms in Lassen
Volcanic Nationa Park, timber harvesting, grazing, and roads have at times been identified as primary
sources of stream siltation (The Resources Agency 19389).

Mill Creek is presently closed to fishing on the valey floor. In the anadromous fish sections above the
canyon mouth, it is open to a catchrand-release trout fishery from April through the middie of November.
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During 1993, DFG amended its policy of managng acatchabletrout fishery within the anadromous sections
of Mill Creek to its present policy of excluding catchable trout from anadromous sections of the stream.

Table 3-Xb-9. Key limiting factors for chinook salmon and steelhead
in Mill Creek and potential solutions to those problems.

Limiting factors Potentid solutions
I nadequiate transportation flows on Complete agreements presently under negotiation
valey floor with water right holders to leave neturd flow in

stream in exchange for groundwater

Improve passage a Clough Dam Remove Clough Dam and provide owners with an
dternate means of obtaining irrigation water

Land use impacts in upper watershed 1. Preservethelargdy pristine character of the upper
reaches of Mill Creek through managing the
watershed, limiting development, and
discouraging public access to spring-run and
steelhead holding and spawning aress

2. Complete a comprehensive watershed analysisto
assess present land use management practices
and identify needed changes

Armored spawning gravel onvaley floor | 1. Mechanicdly rip compacted gravel to improve
spawning habitat and food producing areas

2. Engineer and congtruct spawning gravel beds

Degraded habitat on valey floor 1. Work with loca government to ensure protective
zoning or ordinances for the Mill Creek riparian
corridor

2. Redore riparian vegetation along lower Mill
Creek

Restoration actions -

Action 1: Improve transportation flows in the valey reach of Mill Creek.
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Objective: Ensure that upstream migrating spring-run chinook salmon and downstream migrating juvenile
spring-run and late fall-run chinook sdmon and steelhead can migrate safely through the lower portion of
Mill Creek.

Location Mill Cregk bdow Ward Dam.

Narrative description: Inadequate transportation flows during critical migration periods (April, May, June,
and after October 15) havelargely been aleviated due to negotiated agreements between the LosMalinos
Mutual Water Company, The Nature Conservancy, water right holderson Mill Creek, and state agencies.
Centra to these agreements are minimum base flow requirements (approximately 25 cfs) and theflexibility
necessary to adapt management of instream flowsto fishery needsasidentified by on-the-ground personnd.
For example, DFG personne can request flow pulses or higher base flows (up to the entire creek flow) if
conditions warrant. The only limitation on providing the additiona ingtream flow is the gate's ahility to
replace the fish bypass flows during the irrigation season with groundwater.

Related actionsthat may impede or augment theaction: Although the exigting agreementshavebeen
successful in mesting critical flow needs, additiond flow provided on avoluntary bassthrough private weter
rights would make the existing program more cost effective and efficient. A study to refine flow needsfor
fish passage is presently being conducted by DFG.

Agency and organization roles and responshilities: The DWR monitors flow in the creek and
operatesthe project wells. DFG monitorsfish populationsand passage conditions. Continued cooperation
and flexibility in the Los Molinos Mutud Water Company operaions is essentid to the success of the
exchange program.

Potential obgtacles to implementation:  Participation by agencies and water right holders in
contractua arrangements for additiond instream flows is voluntary and therefore not guaranteed.

Predicted benefits: This project guarantees spring-run chinook salmon accessto upper Mill Creek indry to
criticaly dry years when ingream flows might otherwise be limiting. Unimpeded upstream passage of
spring-run will maintain the genetic integrity of this peciesin Mill Creek. Although the supplementd flows
arefocused on the restoration of the spring-run chinook salmon population, fall-run adultsand downstream
migrant late fal-run chinook salmon and steelhead aso benefit.

Action 2: Remove Clough Dam.

Objective: Provide unimpaired passage where an exigting structure presently obstructs migrating adults
under certain flow conditions.
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Location: Clough Dam, lower Mill Creek.

Narrative description: At higher flows, the fish ladder on Clough Dam isinadequate and causes Sgnificant
delaysfor upstream migrants. The LosMolinosMutua Water Company could provide an aternate source
of water to replace water diverted at the Clough Dam. Delivery of water from the company's system
would, however, require the congtruction of a siphon under Mill Creek. Replacing the dam with asiphon
would require the cooperation and gpproval of the dam's owners.

Reated actions that may impede or augment the action  Although a second ladder would help
dleviate the problem, the preferred dternative is to diminate Clough Dam atogether. Comprehensive
watershed management will require integration of existing state and federa land use planning, laws, and
regulations.

Agency and organi zation rolesand responsbilities: DFG and DWR should work through the newly
formed Mill Creek conservancy to initiate this project.

Potential obstacles to implementation:  Until issues related to the remova of Clough Dam are
resolved, a second fish ladder on Clough Dam would provide improved passage over a greater range of
flows than presently exists.

Predicted benefits Remova of Clough Dam would provide improved passage conditions for all
anadromous salmonidsin Mill Creek. Additionaly, remova of the dam could result in the restoration of
aoproximately 0.5 mile of fall-run spawning habitet.

Action 3. Protect and restore anadromous salmonid fisheries habitat and preserve the long-term
productivity of the upper Mill Creek aguatic ecosystem through cooperative watershed management.

Objective: Identification of restoration prioritiesand protection of Mill Creek's aguetic ecosystem through
cooperative land use management in the upper watershed.

Location Mill Creek watershed above the Sacramento Valley floor.

Narrative description: Protection and restoration of the upstream holding, spawning, and rearing habitat for
spring-run salmon and steelhead will require a cooperative ecosystem management gpproach. For Mill

Creek, a comprehensive watershed analysis should first be used to evauate the quality of anadromous
fishery habitat and quantify the effect of existing land use practices. Thisinformation could then beused to
assis in setting prioritiesfor improving current habitat conditions and devel oping dternativesto present land
use practicesthat are detrimentd to thelong-term productivity of Mill Creek's anadromousfish populations
Measures must be taken to improve management practices on Sate, federa, and privatelands. Ecosystem
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management from a watershed perspective is the most promising approach to guiding retoration in the
watershed and maintaining viable anadromous fishery habitat in upper Mill Creek.

Related actions that may impede or augment the action: Comprehensve watershed management
will require integration of existing state and federa land use planning, laws, and regulations.

Agency and organization rolesand responsbilities: To be successful, implementation of ecosystem
management will require participation of al mgor landowners in the watershed and dl federal and state
agencies involved with managing resourcesin the watershed. A Mill Creek Conservancy isbeing formed
that could play alarge rolein this processif it is successful.

Potential obstacles to implementation: Watershed management within the Mill Creek drainage is
essentidly voluntary and therefore will require the cooperation of dl mgor stiakeholders. Agreementona
common godl to protect anadromous fishery habitat is essential before the process can begin in earnest.

Predicted benefits. A coordinated resource management planning process focused on the protection of
anadromous fish habitat in the upper watershed will assst in the protection of existing habitat and preserve
the long-term productivity of the upper Mill Creek aguatic ecosysem.

Action 4: Improve salmon spawning areasin lower Mill Creek.

Objective: Increase available spawning habitat at selected Sites in lower Deer Creek to accommodate
increased runs of fal-run and late fal-run chinook salmon.

Location Lower 8 miles of Mill Creek.

Narrative description: Some spawning areasin lower Mill Creek are armored with rocks or boulderstoo
largefor sdmonto move. Often these arelocked together by sediment. Thisproject would rip compacted
gravel areas on certain riffles to improve spawning conditions and increase food production. In afew
selected areas, spawning areaswould be engineered and constructed with graded gravel. Insomecases, it
may be desirable to engineer and congtruct hydraulic controls to decrease velocities o thet suitable-szed
gravel can accumulate.

Reated actionsthat may impede or augment the action: Continued operation of the weater exchange
program identified in Action 1 will enhance the benefit of this proposed action.

Agency and organization roles and responghbilities DFG and DWR have cooperated in
congtructing Smilar projectsin Mill Creek in the past and should continue to do so in the future.
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Potential obgtacles to implementation: Because Lower Mill Creek is entirdly located on private
property, the cooperation of local landowners will be required for implementation of this project.

Predicted benefits. This project would provide additiona spawning habitat for about 1,500 fal-run or late
fal-run chinook saimon.

Action 5: Maintain and restore riparian habitat along the lower reaches of Mill Creek.

Objective: Maintain and restoreriparian habitat dong thelower reechesof Mill Creek to help maintain cool
water temperatures.

Location Lower 8 miles of Mill Creek, Tehama County.

Narrative description: Theriparian corridor isintegra to maintaining the ecologica integrity of the lower
creek system. Locd land use planning and regulations need to cregte a buffer zone between the creek and
new development. Additionaly, state and federd agencies could work with loca land owners and land
owner groups to restore riparian vegetation.

Rdated actions that may impede or augment the action: None identified.

Agency and organization rolesand responsibilities: A cooperative effort betweenthe USBR, DFG,
DWR, and loca government has dready been indituted that shows promisein defining and implementing a
riparian buffer zone for lower Mill Creek. The first step, mapping of existing resources, was initiated by
Cdifornia State University (CSU), Chico, in spring 1994.

Potential obstacles to implementatiort  Protection of the lower Mill Creek corridor is largdy a
question of loca land use planning, laws, and regulation and therefore is subject to the willingness of loca
government to address thisissue.

Predicted benefits. 1t isimpossibleto predict specific increasesin fishery habitat or fish numbersduetothis
project; however, fish surviva should increaseto the extent water temperatures are decreased in lower Mill

Creek and insect drop from streamside vegetation isincreased during |l ate spring when downstream migrant
sdmon and steelhead are passing through the area.

Thomes Creek -

Limiting factors and potential solutions - Table 3-Xb-10 ligs key limiting factors for chinook
sdmon in Thomes Creek and potentia solutions.

Land use - Timber harvest, overgrazing, and road building cause excessve erosion and
compaction of the soil. Poor land use practices worsened the effects of the 1964 flood that conveyed
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hundreds of tons of gravel from the head waters to the valley floor (DWR 1982). The flood raised the
stream bed in the valley and now much of thewater bel ow Paskentaflows subsurface, reducing theamount
avallable for sdmon.

In some areas, gravel mining has caused incision of the stream channd (Gard 1994). The stream channel
has been incised so greetly asto cause passage problems at the Corning Cand siphon. A similar Situation
may be occurring a the Tehama- Colusa Cand (TCC) siphon and bridge crossings.

Migration barriers (diversions) - Excessive streambed erosion has exposed the Corning
Cand dphon cregting amigration barrier under most flow conditions (Gard 1994). Gravel mining adjacent
to the sphon isthe likely cause.

No major dams exist, but two minor seasond gravel diversion dams may act as migration barriers; oneis
located in Paskentaand the other near Henleyville. Severd small pumpsdraw water fromthecreek. These
may aso cause predation problems.

Instreamflows- Asistypica of westside streams, suitable flowsfor salmon reproduction
areoccasond a best. Higtorical records of flowsin Thomes Creek reved that in only 18 of 36 yearsare
flows adequate to support sdlmon spawning (DFG 1961). Today, this probably occurs less due to the
flood of 1964.

Water diverted from the TCC into Thomes Creek has attracted salmon to the creek to spawn, only to have
the redds dewatered when diversions ceased (Villapers. comm.). The TCC was designed with aturnout
gructureto provide water to Thomes Creek for mitigation of the RBDD. Water was delivered to Thomes
Creek viathe TCC but not for fishery purposes.

Water quality- Paskentatownship has had concernsover thequality of itsdrinking water
and recommends no consumption.

Table 3-Xb-10. Key limiting factors for chinook salmon and stedlhead in
Thomes Creek and proposed corrective actions.

Limiting factors Potentid solutions

Land use 1. Modify gravd extraction methods
2. Modify timber harvest practices

3. Modify grazing practices

4. Sabilize areas of high eroson
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Limiting factors Potentid solutions

Migration barriers 1. Replace Corning Cand sphon

2. Sdlicit assgance from water diverters

Instream flow Develop release dtrategy for the TCC

Water qudity Conduct regular water quaity monitoring

Restoration actions -

Action 1. Modify grave mining methods.
Objective: Improve land use practices.
Location Grave mining aress.

Narrative description: As a result of gravel mining operations in Thomes Creek, particularly the Red
Bluff/Valey Rock operation located 500 feet downstream of the Corning Cana sphon and the Thomes
Creek Rock/Wolf Pit operation located ashort distance upstream of Highway 99, the channdshaveincised
8-13 feet. Today, the top of the existing Corning cana siphon is 3 feet above the streambed elevation
(Gard 1994). The exposed culvert isamigration barrier under most flow conditions. Similar effectshave
been noted at other portions of Thomes Creek, with 10 feet of incison at the TCC s phon, and concernsby
Cdifornia Department of Trangportation about channd incison at bridge crossings. Other problems
associated with gravel mining includeincreasing suspended solids, causing passage problems and siranding
of fish into extraction pits.

Related actions that may impede or augment the action If gravel mining persgts in the current
manner, more structurd fixeswill be needed in the near future. Therefore, eiminating the causesisessentia
for correcting the fish passage barriers. The Tehama County Planning Commission is currently in the
process of reviewing and modifying grave extraction permitsin TehamaCounty. Morefavoradleconditions
for saimon could be obtained with modified permit regulations.

Agency and organization roles and responghilities; USFWS and DFG should contact the Tehama
County Planning Commission and the DWR.
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Potential obstacles to implementationt New regulations will likely incur resstance from the gravel
mining companies.

Predicted benefits. Reform in gravel mining practices will prevent future passage problems, reduce
entrainment, decrease suspended solids, and keep existing habitat from becoming degraded or lost.

Action 2: Modify timber harvest practices.
Objective: Improve land use practices.
Location: Entire stream.

Narrative description: Erosion caused by timber harvest has caused much damage to the upper watershed
(DWR 1982). Logging roads are aso of concern.

Rdated actions that may impede or augment the action More favorable timber extraction
techniques need to be employed to reduce these impacts.

Agency and organization roles and responsbilities: The Mendocino Nationa Forest needs to
employ the most ecologically sound timber extraction practices and require private timber harvesters to
employ such methods and to remediate any incurred damages.

Potential obstacles to implementation: Cooperation of timber harvesters and enforcement by the
U.S. Forest Service (USFS) and the Cdifornia Department of Forestry (CDF) are necessary for thisaction
to succeed.

Predicted benefits: Reform in timber harvest practices will improve sdmon habitat by controlling eroson,
incressing riparian habitat, and providing food and shelter.

Action 3: Modify grazing practices.
Objective: Improve land use practices.
Location: Entire stream.

Narrative description: The effects of cattle grazing on sdmon are well known (Armour et d. 1994).
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Related actions that may impede or augment the action: Cooperative efforts with the Mendocino
Nationa Forest would prove beneficid for the improvement of grazing practices on public lands.

Agency and organization roles and responshilities:  Private ranchers in the area should be
encouraged to utilize the best environmentally sound grazing practices. DFG, with support from USFWS,
should start discussions with loca ranchers and provide necessary budgets to fence out cattle and begin
restoration actions. Riparian restoration plans may have to be developed for specific ranchers.

Potential obstacles to implementationt The success of this action depends on the cooperation of
private ranchers.

Predicted benefits. Improved catle grazing practices will reduce erosion, improve water quaity, and
increase riparian habitat.

Action 4. Stabilize areas of high eroson.
Objective: Reduce impacts of previous land use practices and improve habitat.
Location: Entire stream.

Narrative description: |ncompatibleland and water use practices (overgrazing, deforestation, road building,
and gravel mining) in the past have caused serious eroson problems.

Related actions that may impede or augment the action Success of this action depends on
permanent correction and reform of past forest practices described in Actions 1, 2, and 3.

Agency and organization roles and responshilities: The NRCS, USFS, and CDF should provide
the expertise to identify and prioritize specific areas that require rehabilitation.

Potential obstacles to implementation: Appropriate funding is required to accomplish this task.

Predicted benefits Stabilization of areas having high eroson will reduce dltation and sedimentation of
spawning habitat and holding pools. It will aso hep maintain the riparian corridor, which moderates water
temperature and provides food and cover for juveniles.

Action 5: Replace Corning Cand sphon.

Objective: Improve fish passage.
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Location: Corning cand crossing (RM 7).

Narrative description: The Corning Canal crossng has been identified as a fish passage problem (Gard
1994). Incison of the stream channel as a result of gravel mining has exposed the once-buried culverts.

Related actions that may impede or augment the action USFWSs Ecologica Services in
Sacramento recently completed a Fish and Wildlife Coordination Act Report and supports replacing the
sgphon. TheUSBR isresponsiblefor thefunding. The project to replace the Sphoniscurrently underway.

Agency and organization roles and responghilities:  Successful implementation of Action 1 is
required to stabilize the streambed after the Siphon is replaced.

Potential obstaclesto implementation: If gravel mining practices are not improved, Smilar passage
problems may evolve.

Predicted benefits: Replacing the Corning Cand siphon will permit fish passage a this point.

Action 6: Minimize diverson barrier usage.

Objective: Improve fish passage.
Location: Henleyville Diverson, Paskenta Diverson.

Narrative description:  Two diversons, one in Paskenta and one in Henleyville, were noted in DFG's
Anadromous Fish Restoration Program (1993) and may be migration barriersto spring-runchinook sdmon
and steelhead. Itissuspected that these are migration barriers and that spring-run chinook salmon utilizethe
Stream.

Related actionsthat may impede or augment theaction: Spring-run and stee head probably ascend
the creek only in years with high precipitation, and it is unlikely these dams operate during thistime.

Agency and organization roles and responsbilities. DFG and USFWS should encourage diversion
operators to keep barriers out as long as possible or to dlow some method of fish passage and to notify
DFG if soring-run chinook salmon are observed. Additiondly, DFG should monitor the stream for spring-
run salmon.

Potential obstacles to implementation: 1t should be noted that these are probably problemsonly in
years when adequate precipitation alows spring-run salmon to ascend the creek up to these diversions.
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Predicted benefits: Providing passage at these pointswill ad spring-run and sedheed migration to historical
spawning grounds.

Action 7: Develop release strategy for the TCC into Thomes Creek.
Objective: Improve instream flows.
Location: Tehama-Colusa Cand crossing.

Narrative description: The TCC hasthe potentia to supply water to Thomes Creek for spawning salmon
but has not been utilized for this purpose.

Related actions that may impede or augment the action At times water has been supplied to
Thomes Creek viaTCC and has attracted salmon to spawn in the creek (Villapers. comm.), but thiswater
has been turned off in the past and redds were | eft dewatered and fish stranded.

Agency and organization rolesand responsibilities The USFWS, USBR, and DFG should contact
the Tehama- ColusaCand Authority to coordinate devel opment of awater release strategy for the TCCinto
Thomes Creek. If water issupplied, aminimum flow should be maintained from October through May to
ensure surviva for dl lifestages. Until aminimum flow can be determined, 50 cfs should bereleased. This
flow isa professond opinion (Ward pers. comm.).

Potential obstacles to implementation: If it is not possble to maintain a minimum flow, no water
shoud be released during this time period.

Predicted benefits: Developing awater release strategy at TCC will: 1) providefor water needs of sdmon
and 2) ensure that sdlmon are not inadvertently drawn upstream to spawn, resulting in stranded juveniles.

Action 8: Conduct regular water quality monitoring.
Objective: Provide suitable water quality.
Location: Entire stream.

Narrative description: Recently, Paskenta township's drinking water source, Thomes Creek, has been
declared unsafe, suggesting that water quaity may not be favorable for smon.

Rdated actions that may impede or augment the action
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Agency and organization roles and responghilities DWR or EPA should be contacted to monitor
the water quality.

Potential obgtaclesto implementation: Funding for any water quality improvement projectscould be
alimiting factor for success of this action.

Predicted benefits Monitoring water quaity will assst in determining point sources of pollution so that
remedia actions can be accomplished.

Deer Creek -

Limiting factors and potential solutions - Table 3-Xb-11 ligts key limiting factors for chinook
sdmon and stedlhead in Deer Creek and potential solutions. Habitat in the upper watershed is relatively
intact, with numerous holding areas and an abundance of spawning gravel. Some spawning areasin lower
Deer Creek are lightly armored but could be improved for use by fal-run chinook samon.

Except for the lack of streamflows on the valey floor below the agriculturd diversons, fish habitat
throughout the drainage is generaly of good qudity. Water right holders on Deer Creek have recently
expressed interest in cooperating with DFG to develop aternative water sources and to provide flowsto
meet fishery needs. Water usersare concerned about the depleted status of the spring-run chinook sdlmon
and are willing to work toward mutualy acceptable solutions to restore the fishery. FHows necessary to
provide unimpaired migration for adult sdlmon and stee head are not accurately known but are estimated to
be about 50 cfsfor planning purposes (Harvey pers. comm.). A flow study by DFG isunderway to better
define these needs.

Inadequate flows for upstream passage is the most sgnificant problem on Deer Creek. During low-flow
periods, flows in Deer Creek below the lower diversion dam are, at times, inadequate for fish to pass
upstream from the Sacramento River.

Spawning gravel in lower Deer Creek is adequate for present population levels of fal-run samon.
However, grave rehabilitation at selected sites could increase available spawning habitat and would be
needed in order to double spawning populations.

Protection and restoration of the upstream holding, spawning, and rearing habitat for spring-run sdmon and
steelhead will require a cooperative ecosystem management approach. Participants in a cooperative
watershed management effort would include State, federd, and county agencies, private land owners, and
land owner organizations. A comprehensive watershed andysis should be used to evauate the qudity of
anadromous fishery habitat and quantify the effect of existing land use practices in the Deer Creek
watershed. Such information could be used to help set priorities for improving current habitat conditions
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and to devel op dternativesto present land use practicesthat are detrimenta to thelong-term productivity of
Deer Creek's anadromous fisheries.

Juvenile soring-run chinook salmon and stee head need protection from possible predation and competition
from catchable- sized hatchery rainbow trout stocked in the heedweter rearing areas. DFG nolonger dlows
gtocking of rainbow trout in the upper 3 miles of rearing habitat. Eliminating this planting location and
shifting the trout alotment to above Upper Deer Creek Fdls has aleviated any possible conflict between
anadromous salmonids and the catchable trout stocking program.

Table 3-Xb-11. Key limiting factors for chinook salmon and stedlhead
in Deer Creek and potential solutions to those problems.

Limiting factors Potentid solutions

Inadequate trangportation flows Negotiate agreements with water districts and water right
holdersto pump groundwater at Sate expensein exchange
for leaving up to 50 cfs of naturd flow in sream for fish
migration

Potentid land use impacts in upper | 1. Preservethelargely pristine character of Deer Creek
watershed through cooperative managing the watershed, limiting
development, and discouraging public access to
spring-run and stedlhead holding and spawning aress

2. Complete a comprehensve watershed anadyss to
asess present land use management practices and
identity needed changes

Armored spawning gravel 1. Mechanicdly rip compacted gravel to improve
spawning habitat and food-producing areas

2. Engineer and congtruct spawning areas with graded
grave

High temperatures Negotiate land use agreements with Deer Creek
Conservancy to protect existing riparian vegetation aong
lower Deer Creek and develop programs to restore
riparian vegetation

Flood management activity Plan and coordinate flood management activities carefully
with appropriate agencies to integrate fish habitat
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Limiting factors Potentid solutions
improvements whenever possible

Restoration actions -

Action 1. Improve trangportation flows in the valley reach of Deer Creek.

Objective: Provideimproved flowsin thelower 10 minesof Deer Creek to ensurethat upstream and down-
gtream migrating juvenile spring-run and fal- run chinook salmon and stedhead can passover threediverson
dams.

Location Valey reach of Deer Creek.

Narrative description: In dry years, water right holders may divert nearly the entire flow of Deer Creek
during the critical migration period of May to early June. Asaresult, upstream migration of adult spring-run
chinook salmon and downstream migration of juvenile sdmon and stedhead can be impeded or entirdly
blocked. If low flowspersstinthe creek, water temperatures quickly exceed thetolerance rangefor these
gpecies. Supplementd flowswill help restore the population of wild spring-run chinook sdlmon by dlowing
migrating adultsto reech their spawning habitat and by providing transportation flowsfor thejuvenilesamon
and steelhead migrating to the Sacramento River.

An agreement, or agreements, will be completed between Deer Creek Irrigation Digrict (DCID), Stanford-
Vina Irrigation Company (SVIC), DFG, and DWR. Under the agreements, naturd flow that would
otherwise be diverted for irrigation would be left in the creek when requested by DFG to aid fish passage
during critical migration periods. The DCID diversonswould be replaced by groundwater. SVI1C would
replace diversgons partidly with groundwater and partidly with improvementstoitsdistribution facilities. Up
to five wells would be built or refurbished in DCID, and SVIC would build an unspecified number of wells
and line some of its cands. Stream hydrology suggests that supplementa flows would be needed about
every 3 yedars.

Agreements to operate this project would be formalized under along-term (minimum 15-year) contract.
The agreementswould guarantee the state certain stream flows, on request, but would not modify thewater
rights of the individuas or agencies. Pumping payment rates and other contract conditions could be
renegotiated a the end of the contract, which could extend the agreements indefinitely.

Related actionsthat may impede or augment the action: Although the existing agreementshavebeen
successful in meeting critica flow needs, additiona flow provided on avoluntary basisthrough privete water
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rights would make the exigting program more effective. A study to refine flow needs for fish passageis
presently being conducted by DFG.

Agency and organization roles and responsihilities: The DWR monitorsflow in the creek. DFG
monitors fish populaions and fish passage conditions.  Continued cooperation and flexibility in the
operations of DCID and SVIC is essentiad to the success of the diversions-to-wels exchange program.

Potentid obstacles to implementation:  Participation by agencies and water right holders in
contractua arrangements for additiond instream flows is voluntary and therefore not guaranteed.

Predicted benefits: By ensuring access during dry and criticaly dry years, this action would guarantee
spring-run chinook salmon accessto about 38 miles of suitable holding, spawning, and rearing habitat every
year. Spawning populations of spring-run chinook salmon have declined 90% over the past three decades.

Although it is recognized that transportation flows in dry years is only one of many factors that have
reduced thispopulation, thisaction will remove amgjor uncertainty in the restoration of spring-runsaimonin
Deer Creek.

Providing adequate transportation flows during spring of dry years would primarily benefit upstream
migrating adult spring-run salmon; however, downstream migrant spring- and fal-run chinook sdmon and
steelhead would aso benefit from these flows. Thejuvenile sdimon and trout must be out of Deer Creek by
late April or May during dry yearsto avoid eevated temperatures resulting from low flows.

Although this project is primarily focused on spring-run sdmon, flow augmentetion in fal of dry yearsto
bendfit out-migrating sdmon and steelhead smolts would aso benefit adult fal-run sdmon. Thus, this
project provides the potentia to improve migration and spawning flows for fal-run adults after October 1
and to increase surviva of downstream migrant yearling spring-run salmon and steel heed.

Action 2: Protect and restore chinook salmon and stedlhead habitat and preserve the long-term
productivity of the upper Deer Creek agueatic ecosystemn through cooperative watershed management.

Objective: Reduce the effects of land use practices.
Location: Deer Creek watershed above the Sacramento Valley floor.

Narrativedescription: Protection and restoration of the upstream holding, spawning, and rearing habitat for
spring-run salmon and steelhead will require a coopertive ecosystem management approach. For Deer
Creek, a comprehensive watershed analyss should first be used to evauate the quality of anadromous
fishery habitat and quantify the effect of existing land use practices. Thisinformation could then be used to
assis in setting prioritiesfor improving current habitat conditions and devel oping dternativesto present land
use practices that are detrimentd to the long-term productivity of Deer Creek's anadromous fisheries.
Measures must be taken to improve management practices on state, federd, and privatelands. Ecosystem
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management taken from awatershed perspective isthe most promising approach to guiding retoration in
the watershed and maintaining viable anadromous fishery habitat in upper Deer Creek. To be successful,
implementation of ecosystem management will require participation of al mgor land owners in the
watershed and dl federa and state agenciesinvolved with managing resources in the watershed.

Related actions that may impede or augment the action: Comprehensve watershed management
will require integration of existing state and federa land use planning, laws, and regulations.

Agency and organization rolesand responsbilities: To be successful, implementation of ecosystem
management will require participation of dl mgor land ownersin the watershed and dl federd and sate
agenciesinvolved with managing resourcesin the watershed. A Deer Creek Conservancy isbeing formed
that could play alargerolein this processif it is successful

Potentia obstaclesto implementation \Watershed management within the Deer Creek drainageis
essentialy voluntary and therefore will require the cooperation of al mgor stakeholders. Agreementona
common goa to protect anadromous fishery habitat is essentid before the process can begin in earnest.

Predicted benefits. A coordinated resource management planning process focused on the protection of
anadromous fishery habitat in the upper watershed will assgt in the protection of existing habitat and
preserve the long-term productivity of the upper Deer Creek aguatic ecosystem.

Action 3: Improve sdmon spawning areas in lower Deer Creek.

Objective: To increase available spawning habitat at selected Stesin lower Deer Creek to accommodate
increased runs of fal-run and possibly late fal-run chinook samon.

Location Lower 10 miles of Dear Creek.

Narrative description: Some spawning areasin lower Deer Creek are armored with rocks or boulderstoo
largefor salmonto move. Often these have become locked together by sediment. Thisaction proposesto
rip compacted gravel areason certain rifflesto improve spawning conditions and increase food production.
Inafew selected areas, spawning areaswould be engineered and constructed with graded gravel. Insome
cases, it may be dedirable to engineer and congtruct hydraulic controls to decrease velocities so that
suitable-szed gravel can accumulate.

Related actionsthat may impede or augment the action: Continued operation of the weter exchange
program identified in Action 1 will enhance the benefit of this proposed action.
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Agency and organizetion roles and responsbiliies DFG and DWR have cooperated in
congtructing smilar projectsin Mill Creek and should be able to continue to do so on Deer Creek projects.

Potential obstacles to implementation: Lower Deer Creek is amost entirely located on private
property, and therefore the cooperation of loca land owners will be required for implementation of this
project.

Predicted benefits. This project would provide additiona spawning habitat for about 1,500 fal- run chinook
sdmon.

Action 4. Maintain and restore riparian habitat along lower reaches of Deer Creek.

Objective: Tomaintain and restoreriparian habitat dong lower reaches of Deer Creek to hdp maintain low
water temperatures.

Location Lower 10 miles of Deer Creek, Tehama County.
Narrative description: Negotiate long-term agreements with the Deer Creek Conservancy and other land

owners to protect existing riparian vegetation dong lower Deer Creek and develop programs to restore
riparian vegetation.

Rdated actions that may impede or augment the action: None identified.

Agency and organization rolesand responsbilities: A cooperative effort betweenthe USBR, DFG,
DWR, and loca government has dready been indituted that shows promisein defining and implementing a
riparian buffer zone for lower Deer Creek. Thefirst step, mapping of existing resources, was initiated by
CSU, Chico in spring 1994,

Potential obstacles to implementation:  Protection of the lower Deer Creek corridor is largely a
question of local land use planning, laws, and regulation and therefore is subject to the willingness of loca
government to address thisissue.

Predicted benefits. Itisdifficult to predict quantifiable increasesin fishery habitat or fish numbersdueto this
project. However, fish survival should increaseif water temperatures are decreased in lower Deer Creek
and insect drop from streams de vegetation isincreased during fal and late spring when downstream migrant
sdmon and steelhead are passing through the area.

Action 5: Conduct flood management activities.
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Objective: Carry out required flood management activitieswith minima damageto thefishery resourcesand
riparian habitat of lower Deer Creek.

Location Lower 5 miles of Deer Creek, Tehama County.

Narrative description: The objective of this action is to plan and coordinate flood management activities
carefully with appropriate agencies (DWR, DFG, the Corps, the Reclamation Board, and Tehama County
Flood Control) to protect existing fish habitat and tointegrate fish habitat improvementswhenever possible.
DWR isresponsible for maintaining flood channe capacity inthe valley portion of Deer Creek, whichisa
leveed flood control project of the Corps. Samon spawning areasin thelower 5 milesof Deer Creek have
been damaged by flood control maintenance activities, when spawning gravel wasremoved from the stream
channd to increase capacity and when spawning riffles were compacted by heavy equipment or smply
covered by soil, sand, or silt. In some cases, the stream channd was|eveled during this process so that no
low-flow channd remained. This made upstream migration by adult salmon difficult or impossible,

More recent DWR flood management activities on lower Deer Creek have successfully increased channel

cagpacity and repaired levee damage, while maintaining alow-flow channd to permit fish passage. Large
boulders and stumps were placed to create scour holes and provide resting habitat. Compacted gravel

areas on spawning riffles wereripped to improve spawning habitat. A boulder weir was placed acrossthe
channdl immediatdly downstream of the Stanford-Vina Dam to restrict flow and raise the water surface
about 2 feet. Thiscaused amore favorable water surface elevation at the entrance to the two fish ladders.
Specific fisheries habitat restoration or enhancement projects can usualy be completed during flood

maintenance operations & little additiona cost.

Related actions that may impede or augment the action: With anticipated reductions in state and
federd budgets, locd government and land owners may plan a larger role in future flood management
activities, such aslimited remova of invasive vegetation or protection of eroding bankson private property.
This could make inclusion of fish habitat improvements more difficult. DFG and other agencies should
work with local land ownersto exclude cattle from the creek channd, especidly inimportant spawning and
rearing areas. Thiswill help to maintain the integrity of stream banks as well as protect fish habitat.

Agency and organization roles and responsibiliies DWR, DFG, the Corps, the Reclamation
Board, and Tehama County should continue to work together to make flood management projects more
fish friendly.

Potential obstaclesto implementation: Future agency personnel, loca government, andland owners
must be willing to work together to minimize fishery impacts of flood management activities.

Predicted benefits. It isimpossbleto predict specificincreasesin fisheries habitat or increased numbers of
fish due to this project; however, if we can reduce damages due to flood maintenance activities, and
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perhaps actudly increasefishery habitat by these activities, thiswill contribute measurably totheoverdl god

of doubling anadromous fish populationsin Deer Creek.

Sony Creek -

Limiting factors and potential solutions - Table 3-Xb-12 ligs key limiting factors for chinook

sdmon in Stony Creek and potentia solutions.

Table 3-Xb-12. Key limiting factors for chinook sdmon in Stony
Creek and potentia solutions to those problems.

Limiting factors

Potentid solutions

Stream channd blocked at the GCID's cand
intersection

Ingtal siphon under Stony Creek at
intersection

Insufficient water flow for dl life ages

1.

Adjust management of Black Butte
Reservoir

Positive operation of the constant head
orificeat TCC

Reduce diversons

Conduct IFIM

Poor spawning habitat

Modify grave extraction permits
Add spawning sized gravel

Excavate digtinct stream channd

High water temperatures for dl life sages

Excavate discrete stream channdl

Develop riparian canopy

Entrainment of fish and reduction of instream
flow at the constant head orifice

1

2.

Terminate reverse operation

Develop replacement sources of water

Insufficient riparian habitet

Develop a plan to establish riparian corridor
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Limiting factors Potentid solutions
Potentia passage and entrainment a North Correct problems associated with fish passage
Diverson Dam and entranment
Quegtionable water qudity Conduct weter qudity monitoring

Migration barriers

Glenn-Colusa Irrigation District (RM 3) - Mgor challenges for Stony Creek
restoration are fish passage and water flow enhancement at its intersection with the Glenn-Colusa Cand.
During theirrigation season, the GCID congtructsagravel levee across Stony Creek at RM 3 aspart of the
eastern sdewadl of the cand. The barrier isusudly in place from April through November. It isremoved
during winter to dlow potentia high flows to pass down Stony Creek to the Sacramento River. In past
years, the barrier has been in place year round, preventing flow to the Sacramento River and hence
precluding the movement of sdmon into the creek. After theleveeiscongtructed, juvenile sdmonthat have
moved from the Sacramento River into Stony Creek for rearing become stranded in residua pools below
thelevee or are entrained into the cana abovethelevee. In spring 1994, the temporary levee was erected
in late February and an estimated 5,000 to 10,000 juvenile sdlmon were | eft stranded in the creek (Madin
and McKinney 1994). Adult chinook salmon were observed spawning in Stony Creek only once, in 1982,
sncethe GCID's levee has been in place (Reavis 1983). That wasin ayear with early and above-normal
precipitation, when passage at the levee was possible.

Tehama-Colusa Canal (RM 12) - Temporary passage problemsmay beoccurring
when water isdiverted from Stony Creek to the TCC. During 1992 and 1993, atemporary grave training
dike and diversion dam were created across Stony Creek so that water could be diverted into the TCC
(Brown 1994). This causes fish passage problems and reduces flow downstream. Brown (1994)
documented resident and outmigrating fish were entrained by this diverson.

The TCC is equipped with asiphon under Stony Creek. Stony Creek water isdiverted into the TCC via
reverse operation of aconstant head orifice. The origina purpose of this diversion was to provide water
from the TCC to Stony Creek to enhance sdmon production as partid mitigation for operation of the
RBDD. Itisironic that the constant head orifice is now used to divert Stony Creek water into the TCC.

TCC demand for Stony Creek water occurs in spring and fdl and is a result of the recent change in

operation of the RBDD to facilitate fish passage on the Sacramento River. The gates-closed period for the
RBDD has been shortened to 4 months, leaving unmet irrigation demand both before and after.

The USBR has gpplied for a permanent diverson permit for thisste. Caifornia Sport Fishing Alliance
(CASPA) filed a protest to this gpplication. Asaresult of negotiations, Ca SPA agreed to withdraw its
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protest if the USBR met certain conditions. Among thesethe USBR commitmentsistheformeation of atask
force, technica team, and work plan for development of a long-term fish, wildlife, and water use
management plan for Stony Creek. The crestion of thetask force could beapivota event intheretoration
of Stony Creek.

North Diversion Dam (RM 18) - Potentid fish passage problemsmay occur at the
Orland Unit Water Users Association's North Diverson Dam.  No fish passage facilities exist a this
gructure. Inastudy conducted in 1981-1982, 30+ salmon and redds were observed downstream of the
dam, suggesting passage problems (Reavis 1983). Nick Villa (pers. comm.) reports that the North
Diverson Dam isamigration barrier under most flow conditions.

Black Butte Dam (RM 24) - Builtfor flood control in 1967, Black Butte Dam has
no provision for fish passage. Secondary uses of Black Butte Reservoir include recrestion and water
storage for the Orland Unit Water Users Association and the CVP.

Stony Gorge Dam (RM 45) - Stony Gorge Dam, located 45 milesupstream from
the Sacramento River confluence, was built with no fish passage facilities. The dam supportsirrigation
needs of the Orland Unit Water Users Association. Prior to the closing of Stony Gorge Dam, Stony Creek
supported "very good" populations of chinook salmon (Clark 1929). Subsequently, the native runs have
become extinct. Most of Stony Creek's hitorical sdlmon spawning most likely occurred upstream of RM
45,

East Park Dam (RM 63) - East Park Dam is located on Little Stony Creek, 18
miles upstream of Stony Gorge Dam, and has no fish passage structures. Investigations by Kondolf and
Swanson (1993) indicate that much of the gravel recruitment to Stony Creek originated from Little Stony
Creek.

Instream flow - Idedly, al diversonswould bediminated, alowing the sreesmtoreturnto
anaurd state. However, this scenario would be difficult to achieve both politically and economicdly. Itis
felt that Stony Creek could contribute to doubling salmon in the Sacramento River system without removal
of dl dams or diversons. Contributions can be achieved below Black Butte Dam. Regulating weater
releases from Black Butte Dam and the Tehama- Colusa Cand will aid in ascertaining escgpement gods.
Congdering theartificia nature of the stream below Black Butte Dam, utilizetion of thisstructureto enhance
the remaining habitat is of utmost importance. A need existsto develop awater release schedulefor Black
Butte Dam to benefit sdmonids, whilenot infringing on flood control capabilities. Stony Creek would also
benefit from supplementa releases from the TCC, and awater release ddlivery schedule would need to be
developed for that structure. Releases need to provide suitable flowsfor attraction, migration, spawning,
incubation, rearing, and outmigration, while ensuring thet fish or redds are not left sranded. AnIFIM study
should be conducted to determine the best flows.
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Spawning habitat - Limited usable spawning gravel existsin Stony Creek. The Black
Butte Dam precludesthe recruitment of grave to lower Stony Creek, and what remainsisbeing removed or
embedded by gravel mining operations. Based on surveys of Stony Creek in the past (Puckett 1969) and
more recent informa ones by the USFWS, gravel for spawning is consdered very poor but ill usable.
Additions of spawning-sized gravel to Stony Creek and improvement of gravel mining operations would
benefit sdmon production.

The creation of a discrete channd below Black Butte Dam would provide the best use of the available
water. Higtoricaly, the portion of Stony Creek below RM 24 was broad, shallow, and braided (Kondolf
and Swanson 1993) and probably did not support salmon spawning consistently. Black Butte Dam now
blocks passage to the higher elevations, but it can also provide cooler water and damping of flow extremes
to the downstream portion of Stony Creek and thus provide some sdmonid habitat. Giventime, the proper
flow regimewill, by itsdlf, create and maintain an appropriate channel; however, this process can be greetly
accelerated by the design and excavation of a creek channd.

A singlecreek channd would dleviate passage problems et variousflows, increase water vel ocity asneeded
for attraction, spawning, incubation, rearing and emigration; reduce water temperatures, and ad in
edtablishing ariparian corridor.

Diversions

Glenn-Colusa Irrigation District - Potentid entranment of juvenile sdmon behind
the GCID's levee exids, particularly in wet years. When sufficient creek flows exist, sdlmonids move up
from the Sacramento River to rear in Stony Creek and can be found up to the GCID's cana crossing.
Juvenile saimonids become entrained when closing of the levee occurs before they emigrate.

Tehama-Colusa Canal - Resdent and outmigrating fishareentrainedintothe TCC
when flows are diverted (Brown 1994). Potentia for entrainment exigtsif salmon spawning wereto occur
above this point.

North Diversion Dam - Salmon have not been observed above the North
Diverson Dam in recent years, so entranment is unlikely at thistime. However, if passage issues are
resolved, the potentid for entrainment then becomes an issue because this diversion is not screened.

Riparian habitat - Many areas are nearly devoid of riparian vegetation, especialy near
gravel mining operations. Thisis gpparent at the Highway 32 bridge. In some aress, orchards grow up to
the stream margins and cows graze &t the stream bank. Some eroded banks have been riprapped. A
riparian canopy and streamside vegetation would reduce water temperatures, lower sedimentation, and
provide terrestria insects as an additiona food source for juveniles.
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Water temperature - High water temperatureisapotentid limiting factor in Stony Creek
for dl life gages. Human influence on water temperature should be controlled or minimized to benefit
anadromous fish. Humanrelated activities have reduced the riparian canopy and its associated therma
benefits. Additionaly, impoundment of water behind reservoirs devates water temperature. Reestablish
ment of ariparian corridor and lower level releases of water from reservoirswill assst in moderating water
temperatures.

Water quality - Other factors thet limit sdmonid spawning and survivad indude high
turbidity, agricultural chemicals run-off, low oxygen levels, and otherwise poor water quaity. Theseissues
need further investigation.

Restoration actions -

Action 1. Ingal sphon under Stony Creek for GCID's candl.
Objective: Provide dl life stages of fish passage, and prevent entrainment of juvenile salmonids.
Location GCID'scand (RM 3).

Narrative description: A mgjor chalenge for the restoration of Stony Creek is passage of fish and water
flow through the Glenn-Colusa Cand. During the irrigation season, the GCID congtructs agravel levee
across Stony Creek at RM 3 asthe eastern sidewdll of the canal. Thebarrier isusudly inplacefrom April

through November. Itisremoved during themonth. In past years, the barrier hasbeen in place year round,
preventing flow to the Sacramento River and hence precluding the movement of sdmon into the creek.

After the leveeis congtructed, non-natd juvenile sdlmon that move from the Sacramento River into Stony
Creek for rearing become stranded if caught below the levee or entrained to the GCID's candl if abovethe
levee. In spring 1994, the gravel levee was erected in late February and an estimated 5,000 to 10,000
juvenile salmon wereleft stranded in the creek (Madlin and McKinney 1994). Sincethe GCID'slevee has
beenin place, adult chinook salmon were observed spawning in Stony Creek only once, in 1982. Thatweas
in ayear with early and above-norma precipitation, making passage at the levee possible.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities DFG should work with GCID to construct a
gphon under Stony Creek. The congtruction of a sphon, including associated structures, is estimated to
cost $3.4 million (CH2M Hill 1994). GCID is supportive and desires to pursue this option (Clark pers.
comm.).

Potential obstacles to implementationt If funding is not provided, this action may not be possible.
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Predicted benefits Restoration of Stony Creek will not occur without resolution of fish passage and
necessary flow releases a the GCID's cand. The success of dl other recommendations depends on
resolving these two mgjor issues. If they are not resolved, a salmon run cannot be re-established in Stony
Creek. 1n 1982, when fish and water had passage at GCID, 393 adult sdlmon were estimated to spawn in
Stony Creek (Reavis 1983). Potentidly 24 milesof salmonid habitat would become availableif passageis
alowed at this structure.

Action 2. Develop water management release strategy for Black Butte Dam.
Objective: Provide adequate water flows.
Location Black Butte Dam (RM 24).

Narrative description: Built for flood control in 1967, Black Butte Dam does not include provision for fish
passage. Secondary usesof Black Butte Reservoir include recreation and water storagefor the Orland Unit
Water Users Association.  Black Butte Dam blocks access to historica spawning habitat for chinook
sdmon and steehead in Stony Creek. Consequently, the only potential anadromous fish habitat is now
below the dam. The Corps manages Black Butte Reservoir for flood control. Flood peaks have been
reduced to a fraction of pre-dam vaues (from 70% for Q2 to 25% for Q50) (Kondolf and Swanson
1993).

Related actions that may impede or augment the actiort Even though there has been areductionin
pesk flow and the duration of flow has increased, releases could potentidly have a negative effect on
sdmon. Prolonged flowsat sufficient discharge could attract sdmon to migrate up Stony Creek, only to be
left stranded when the water is"turned off*. Similar Situations could occur a any lifestage. AnIFIM sudy
should beinitiated after implementation of provisona samon restoration flows.

Agency and organi zation rolesand respons bilities: DFG and USFWS must work with the Corpsto
better manage water releases from Black Butte Dam for samonids. Hidtoricdly, an average of
gpproximately 50,000 &f is released from Black Butte Reservoir from October to May of each year
(Yaworsky pers. comm.). These releases could provide an average daily release of, at least, 150 cfswith
higher spikes serving asmigration cues. Professiond opinionsof the taff at the USFWSsNorthern Centra
Vdley Fishery Resource Office recommend a daily average of 150 cfs as sufficient flow for attraction,
migration, spawning, incubation, rearing, and outmigration. The October to May datescoincidewith fal-run
and late fall-run sdlmon spawning and rearing.

Water rel eases from Black Butte Dam need to be coordinated with those from Stony Gorge and East Park
Resarvoir.
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Potential obgtacles to implementation: There should be no mgjor obstacles to implementing this
action.

Predicted benefits: A sufficient and timely flow of water in Stony Creek should encourage sdmon to utilize
the stream for spawning through outmigration. Up to 24 miles of spawning and rearing habitat could be
mede available.

Action 3. Develop water management strategy for TCC releases.
Objective: Provide adequate water flows.
Location: Tehama-Colusa Canal (RM 12).

Narrative description: Water for Stony Creek could be supplied viathe TCC. The TCC wasbuilt witha
turnout to provide water to Stony Creek for mitigation of fish loss caused by the RBDD (USFWS 1967).

Related actions that may impede or augment the action: Mitigation for the RBDD wasto provide
water to Stony Creek via TCC, a a minimum of 100 cfs per day and up to 500 cfs per day (USFWS
1967); thismitigation commitment has not been met. On occas on, water has been supplied to Stony Creek
viathe TCC (Kdly pers. comm.), but it was never intended to benefit anadromous fish in Stony Creek.
The amount and timing of release would depend on those rel eases from Black Butte Dam.

Agency and organization roles and responghilities. DFG should work with the USBR to develop
trades or transfers of TCC water that could be made in an effort to obtain water higher up in the system
(i.e., Black Butte Dam).

Potential obstacles to implementation: There should be no mgor obstacles to implementing this
action.

Predicted benefits: Twelve miles of potentid spawning habitat could be made available, providing habitat
for many additiona spawners.

Action 4: Modify gravel extraction permits.
Objective: Provide suitable spawning habitat.

Location Entire stream.
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Narrative description: Gravel mining should cease in Stony Creek. Black Butte Dam precludes the
recruitment of new grave, and mining is removing resdud gravel.

Related actions that may impede or augment the action Mining within the creek should be
restricted to May through October, atime when salmon arelesslikely to be present in the stream. Access
would be limited to only afew Stesin order to protect theriparian habitat. Permitscould be modified with
provisonsthat ensure that gravel from 1 to 6 inchesin diameter is|eft in the stream.

Agency and organization roles and responsibilities: Other sources of gravel for the current mining
operations should be sought. Kondolf and Swanson (1993) identified gravel sourcesintheimmediate area.
Other potentia gravel sources include the heads of reservoirs on Stony Creek or mining laterdly to the
creek channd. Mining permits could be purchased from extraction companies, or companies could be
assigted in relocating operations. Discharge of fine sediments should be regulated with ass stance from the
Corps.

Potential obstacles to implementation DFG should work with the permitting agency for gravel
remova, the Glenn County Planning Commisson, to compl ete preparation of amanagement plan for gravel
mining aimed & reducing impacts on fish.

Predicted benefits. Reformed graved mining activitieswill help to ensurethat spawning-sized grave remains
in the stream, sedimentation of existing gravel isreduced, riparian habitat is protected, and moderate water
temperatures are attained.

Action 5: Add spawning gravel to the Stony Creek.
Objective: Provide suitable spawning habitat.
Location Below North Diverson Dam (RM 18), below TCC (RM 12), or other.

Narrative description: Suitable spawning habitat for sdmon islacking in Stony Creek. Black Butte Dam
preventsrecruitment of new gravel, and mining companies are removing or embedding theexising goavning
gravel. Becauseof this, spawning-sized gravel needsto be placed inthe creek. Placement of gravel below
the North Diverson Dam is selected because passage a this dam is questionable and any gravel placed
above the North Diverson Dam could eventualy settle into the reservoir. The last evidence of spawning
sdmon in the creek wasjust below the diversion dam, suggesting potentia for successful spawning (Reavis
1983). Ancther option for the placement of gravel isbelow the TCC. Thissteissdected becauseinyears
that Black Butte Reservoir is unable to supply a sufficient amount of weter, diversions could be made from
the TCC.
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Rdated actions that may impede or augment the action None.

Agency and organization roles and responsbilitiess DFG should work with the Glenn County
Planning Commission. Permits could be modified to require mines|ocated on the creek to leave gravel of
1-6 inchesin the river or provide grave for reintroduction to the streambeds.

Potential obstaclesto implementation: The success of thisaction depends on the success of Action
4, modifying or diminating gravel mining in the stresmbed.

Predicted benefits: Providing spawning-size gravel should increase the usable spawning areaand increase
the surviva of eggs produced in this stream.

Action 6: Develop adistinct creek channdl.
Objective: Provide suitable spawning habitat.
Location From Black Butte Dam downstream.

Narrative description: The creation of adistinct creek channd below Black Butte Dam would provide the
best use of the available water for spawning chinook salmon. Higtoricaly, the portion of Stony Creek
below Black Butte Dam wasfanlike, shallow, and braided (Kondolf and Swanson 1993) and probably did
not support spawning salmon. With gppropriate management of the reservoirs now extant on Stony Creek,
thisreach could provide spawning and rearing habitat for fall-run and perhapslatefal-run chinook samon.

Related actions that may impede or augment the action A distinct creek channd would dleviate
passage problems at various flows. Increased water velocities are needed for attraction, migration,
incubation, rearing, and outmigration; regulated lower water temperaiures are necessary; and the
establishment of ariparian corridor isrequired. Well-defined creek channelsexist below Black Butte Dam
and in the area of the Highway 32 bridge resulting from the effects of the dam and gravel mining,
respectively (Kondolf and Swanson 1993). Nonnatal rearing habitat occurs in the lower 3 miles of the
creek (Madin and McKinney 1994, Brown 1994), and care should be taken to avoid negatively affecting
this function.

Agency and organization roles and responghilities DFG and USFWS and other appropriate
agencies need to coordinate and fund channd restoration. 1t isan established technology (Rosgen 1991). It
would require substantia excavation and revegetation activity within the existing streambed.

Potentid obstacles to implementationt Funding, coordination, and cooperation between key
organizations and land owners are important to the success of this action.
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Predicted benefits. Some of the benefits in developing a distinct creek channd include dleviaing some
passage problems, moderating water temperatures, enhancing the riparian corridor, sorting substrate, and
cleaning gravels.

Action 7: Develop plan to establish riparian corridor.
Objective: Provide suitable water temperature.
Location From Black Butte Dam to mouth.

Narrative description: A riparian corridor of native vegetation needs to be established. Becauseof grave
mining operations, many areas dong the stream are nearly devoid of riparian vegetation. Thisisapparent at
the Highway 32 bridge. Exotic plant species such asfa se bamboo have taken over many disturbed arees.
In other areas, orchards grow up to the stream margins and cows graze at the stream bank. Eroded banks
have been stabilized with riprap. A riparian canopy would help moderate water temperature, control

erosion, and increaseterredtrid insectsfor juvenile sdmonids. A hedthy riparian corridor will also provide
diverse habitat and help maintain lower water temperatures. A plan needs to be developed for the
establishment of ariparian corridor. Includedin the plan should be provisionsfor protecting existing riparian
habitat, planting native species, removing exotic species, developing adigtinct creek channd, and modifying
Black Butte Dam releases.

Related actions that may impede or augment the action  All of these provisons should be
consdered for the creek below Black Butte Dam, and some may be worthwhile to consder above the
reservoir. The Nature Conservancy has an office near the mouth of Stony Creek and may have an interest
in becoming involved. Additiondly, land owners need to be educated on the benefits of riparian corridors
and how to establish and maintain them.

Agency and organization roles and responghilitiess DFG and USFWS need to develop a
comprehensivetechnica plan to establish riparian corridors and coordinate riparian corridor rehabilitation
and acquigtion with private land owners.

Potential obgtaclesto implementation: Funding and available agency saff could be limitingfactorsin
successfully completing this action.

Predicted benefits: Developing aplan to establish ariparian corridor will help moderate weter temperatures
and enhance and preserve the existing sdmonid habitat. The increase of riparian habitat will aso benefit
other fish and wildlife.

Action 8: Discontinue diversons into the TCC.
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Objective: Alleviate passage problems, ensure adequate flows, and prevent entrainmern.
Location Tehama-Colusa Cand (RM 12).

Narrative description: Temporary passage problems occur when water isdiverted from Stony Creek tothe
TCC. During 1992 and 1993, adam was created across Stony Creek so water could be diverted into the
TCC viareverse operation of the constant head orifice. Thisaffectsfish passage and reduces downstream
flows. Brown (1994) documented entrainment of resident and outmigrating fish by this diverson. This
diversonwastemporarily permitted for 1992 and 1993. The USBR has gpplied for apermanent diversion
permit. CalSPA protested this application. As aresult of negotiations, CalSPA agreed to withdraw its
protest if the USBR met certain conditions. Passage problems are likely, and water for atraction,

migration, spawning, and rearing of sAimonidsin Stony Creek islogt. Diverting water into the TCC entrains
resident and outmigrating fish and would undoubtedly entrain juvenile sdmon.

Related actions that may impede or augment the actionr  Among USBR:=s commitments is the
formation of atask force and technical team, as well asawork plan for development of along-term fish,
wildlife, and water use management plan for Stony Creek.

Agency and organization rolesand responsihilities DFG should coordinate the formetion of atask
force to manage the restoration of Stony Creek. Unmet demand for this seasond water should be met
through other means, otherwise dleviated, or left unmet.

Potential obstacles to implementation None.

Predicted benefits. Cessation of this diverson would make more water available for fish in Stony Creek,
dleviate potentid passage problems, and diminate sdlmonid entrainment at this Ste.

Action 9: Correct problems associated with North Diversion Dam.

Objective: Provide fish passage for dl life stages, provide adequate flows past dam, and prevent
entrainment.

Location: North Diverson Dam (RM 18).

Narrative description: The North Diverson Dam is consdered to be amigration barrier under most flows
(Nick Villa, DFG, Rancho Cordova, CA, per. comm.). Themagnitude of the passage problem needsto be
evauated. A possible mechanism to dlow fish passage at the North Diverson Dam would beto raise the
gates as early as possible, preferably at the beginning of October. Flow ismost critical from October to
May, and diversons should be kept to a minimum. Raisng the gates would alow fish easer access to
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additiona spawning habitat. |f passage problems persist, afishladder could then be constructed. If fishdo
gpawn above the North Diverson Dam, the potentid for entrainment would exist.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responsbilities  Entrainment could be reduced if diversons
were kept to aminimum. DFG should initiate discussons with the USBR to minimize diversons from
December until February, thetime a which most fry would hatch and then emigrate from this section of the
stream. Screening the diversion is dso an option that must be evauated.

Potentia obstacles to implementation None.

Predicted benefits: Potentialy, 6 milesof stream will become availablefor spawning if passageisensured.

Action 10: Develop plan to assesswater quality.
Objective: Ensure adequate water qudity for al life stages.
Location: Entire creek.

Narrative description:  The water quality of Stony Creek is poor. Toxicants from agriculturd runoff,
eevated turbidities from gravel mining, and rubbish are just some of the problems.

Related actions that may impede or augment the action Water qudity may be alarger limiting
factor than expected.

Agency and organization roles and responsihilities: A plan should be developed to assess water
quality and develop solutions. DWR or EPA should conduct an assessment of Stony Creek.

Potentia obstacles to implementation None.

Predicted benefits: Assessingwater qudity will provide anindication of creek hedth, identify problems, and
define cleanup solutions.

Action 11: Conduct an IFIM study.

Objective: Determine preferred weater flows for dl life stages.
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Location From Black Butte Dam to mouth.

Narrative description: Management of minimum flow releases from Black Butte Dam are necessary for
anadromous fish production.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responghilities DFG and USFWS should conduct an IFIM
study to determine the proper amount and timing of water released by Black Butte Dam and the TCC.

Potentia obstacles to implementation None.

Predicted benefits: An IFIM study will estimate the required flows necessary to sustain anadromous fish
production.

Big Chico Creek -
Limiting factors and potential solutions -

Loss to flood and agricultural diversion - A sgnificant problem affecting the Big Chico
Creek anadromousfishery resultsfrom diversonsat theM& T Ranch pumps|located at the end of aforebay
just downstream of the Chico-Mud Creek confluence (Paul Ward, DFG, Red Bluff, and Paul Madin, CSU,
Chico, pers. comms.). Thefive unscreened pumpsat thisdiverson have acombined pumping capacity of
approximately 135 cfs, which often exceedsthe creek flow. Theresultant reversd of flow inthelower 0.75
mileof creek would be expected to divert outmigrant juvenilesand makeit unlikely that upstreammigrating
adultswill find the creek. (Seediscussion under "Upstream passage of adults'.) Even when the creek isnot
reversed, these unscreened pumps are believed to take many juvenile saimon, both from Big Chico Creek
and from the Sacramento River, because many juveniles move into the lower ends of Chico, Mud, and
Rock Creeksfor rearing (Madinand McKinney 1994). TheM& T Ranch hasbeen cooperatingintrying to
find dternative water and leave the pumps off a critica times (Herringer pers. comm.). However, data
obtained by Julie Brown (pers. comm.) and Madin and McKinney (1994) show that critical timesaremore
extengve than origindly thought and vary from yeer to yeer.

At the Five-Mile Recreation Area (Bidwell Park), a 1963 Corps flood control project splits Big Chico
floodflows into three channels. This project provides flood protection for the city of Chico. Box culverts
weredesigned to limit the maximum flow that can pass down Big Chico Creek and Lindo Channdl to 1,500
cfsand 6,000 cfs, respectively. FHow in excessof 7,500 cfsspillsover an open weir through the Sycamore
Diverson into Mud Creek. DWR is currently investigating whether the high-flow split dill meets design
capacity. A baseflow split was also designed into the 1963 flood control project. The combined width of
the box culvertsinthe Big Chico channel is20feet. A low concreteweir, with a 12-foot-wide notch at the
same devation as the bottom of the Chico box culverts, was constructed across the channd leading to the
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Lindo Channel box culvert and Sycamoreweir. Thisdesign wasintended to split 12/32 of baseflow down
Lindo Channd, leaving 20/32 in Big Chico Creek. Unfortunately, design of the flow control structures
creates an upstream tilling basin during flood events. This causes grave to fdl out above the diversion,

cregting a gravel bar that blocks subsequent low flow to Lindo Channel unless gravel is mechanicaly

removed following each high water event. Because of variability in Sze and shape of the grave bar, the
minimum total flow that gill has some spillage down Lindo Channd varies. Lindo Channe has often ceased
to flow whiletotal flow was till in excess of 200 cfs, sometimestrapping adults and downstream migrants
severd times during asingle season.

Upstream passage of adults- When flow isreversed inthelower 0.75 mile of Big Chico
Creek by TheM& T Ranch pumps, upstream migrating adultsare unlikely to find the creek. (Seediscusson
under "Lossto Agriculturd diverson’.)

At about Stream Mile 13, in Upper Bidwdl Park, Big Chico Creek has cut through the Love oy Basdlt into
softer marine sandstone, causing jumbles of house-size boulders to tumble into the channd, making
upstream passage of sdmonidsdifficult. Thelron Canyon fish ladder, built inthelate 1950sto facilitate fish
passage through this zone, has been severdly damaged (Ward pers. comm.), delaying or preventing

upstream migration in low-flow years and thereby forcing the adult spring-run salmon to hold or even

oversummer downstream of the ladder where temperatures, human harassment, and poaching are serious
problems.

TheFve-Mile Recreation Areaflood control project aso delays or impedes upstream movement of adults.
Downcutting (gpproximately 8 ft) immediately below the Lindo culvert has resulted in fracturing of the
concrete gpron, making fish passage difficult in Stuations other than high flows.

Poor spawning habitat in lower creek - The Five-Mile Recreetion Areaflood control
project also impedes gravel movement downstream. Only reduced amounts of relatively small gravel pass
the Big Chico box culverts, very little gravel passes through the Lindo box culverts, and no gravel passes
over the Sycamoreweir. Poor gravel recruitment and absence of flushing flows have resulted in armoring,
compaction, and siltation of spawning gravel throughout the Chico channd. Cleaning of One-Mile Poal (a
swvimming pool in the Chico Channd) during summer low flows creates turbidity and st build-up
downstream, causing further deterioration of gravels. Present downstream siltation levels during pool
cleaning exceed standards set up by the CVRWQCB. Lindo Channel isscoured to bedrock fromthewelr
to the Longfellow Bridge, but till has good spawning grave further downstream. The high flow volume of
diverted Chico Creek floodwater has scoured essentidly dl gravel from Mud Creek downstream of the
Sycamore Food Diverson Channdl.

Marginal summer holding temperatures - Thereis some evidence that temperaturesin
the summer holding reach for spring-run salmon adults, from Iron Canyon to Higgin'sHole, may approach
criticd levesin late summer, particularly in low-flow years (Ward pers. comm.). Itisnot known if summer
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temperatures currently average higher than existed historically when salmonids were more abundant in the
creek. Possibly humantinduced changes in the upper watershed (such as logging, development, grazing,
and road building) may have adtered base flow and summer temperatures. Because holding temperatures
aremargind, any human harassment of the adultswould be especidly detrimental. Currently prime holding
aress are in private ownership, with limited access. Future development of the land, resulting in greater
public access, could have serious consequences for spring-run chinook salmon in Chico Creek.

Degraded rearing habitat in Mud and Rock Creeks- Theprincipd anedromousfisheries
reach of Mud Creek, from Highway 99E downsiream, has been straightened, levied, and kept free of
riparian vegetation by annua controlled burns or herbicide gpplications to facilitate its function as a flood
diverson channd. Consequently, shade and cover are scarce, contributing to criticaly warm temperatures
in late afternoons from mid-April through early May in most years. The high volume of diverted Chico
Creek floodwater has also scoured this reach of Mud Creek to bedrock or clay, prohibiting sdmonid
spawning and further reducing diversity for rearing. To add to the problem for fish, existing regulaions
pertaining to riparian protection and waste disposa are poorly enforced with respect to Mud and Rock
Creeks. Hazardous materiasare often clandestingly dumped from bridges, particularly in Mud Creek, and
some land owners dong Rock Creek have damaged or eiminated riparian vegetation by bulldozing,
burning, or spraying (Madin pers. comm.).

Rock Creek has not been modified as a flood channel, but in severa reaches has been straightened and
levied to maximize agricultural land. These straight, cand-like reaches provide far less habitat for rearing
sdmonidsthan do unmodified reaches. Rock Creek receives sporadic inputs of agricultura overflow water
between Highway 32 and West Sacramento Avenue. Under certain conditions, thismay facilitate outmigra-
tion of juveniles.

Both creeks dry to intermittent pools as summer approaches. In years with adequate late-season
precipitation, thisoccursin May, by which timemaogt juvenile salmon have outmigrated. Inlow precipitation
years, the creeks dry down earlier and many young salmon, particularly fal-run juveniles, are trapped in
isolated pools and ultimately devoured by avian predators.

Table 3-Xb-13. Key limiting factors for chinook salmon and steelhead
in Big Chico Creek and potentia solutions to those problems.

Limiting factors Potentia solutions

Lossto flood and agricultura diverson 1 Subdtitute an dternative source of irrigation
water for that currently supplied by the M& T
Ranch pumps or move the pumpsto the river
and screen them

2. Split low flows between Big Chico Creek and
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Limiting factors Potentia solutions
Lindo Channd
Upstream passage of adults 1 Repair the Iron Canyon Fish ladder

2. Repair the Lindo Channd weir and fishway

3. Subgtitute an dternative source of irrigation
water for that currently supplied by the M& T
Ranch pumps or move the pumpsto the river
and screen them

Margind summer holding temperatures Preserve from development and disturbance the
primary summer holding areafor spring-run chinook
sdmon to minimize additiond stress

Poor spawning habitat in lower 1 Replace spawning grave in the channdls
creek modified for flood control
2. Improve cleaning procedure a One-Mile
Pool
Degraded rearing habitat in 1 Revegetate denuded stream reaches
Mud and Rock Creeks

2. Restore a protected riparian strip

Restoration actions -

Action 1: Subgtitute an dternative source of irrigation weter for that currently supplied by theM& T Ranch
pumps.

Objective: Prevent loss of juvenile saimonids and permit sufficient attraction flows for adults.
Location Just downstream of the Chico-Mud Creek confluence.

Narrative description: Four optionsexist: 1) the pumps could be moved to theriver, set up to have bypass
flow, and screened,; 2) asiphon could beinstaled to carry Feather River water across Butte Creek and the
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pumpsdiminated; 3) theirrigation water could be replaced with groundwater and the pumps diminated; and
4) effluent from the Chico Municipa Sewage Trestment Plant, although inadequatefor total needs, could be
discharged into irrigation candsto supply water needs during low demand periods and to supplement other
sourcesat high demand periods. Because versdtility inweter ddivery systemspermitswater fromtheM& T
Ranch pumps, Butte Creek, the Feather River, or the Chico Municipal Sewage Treatment Plant to be
delivered to a range of users, and because al sources except the sewage plant have their own share of
problems with anadromous fisheries, the problem should be gpproached on aregiond basis, rather than a
watershed bass. A combination of options 1, 2, and 4 would probably provide the best long-range
management for anadromousfisheriesin Big Chico Creek, Butte Creek, and the Sacramento River. DFGis
currently negotiating with water users to determine the best overdl solution.  Active pursut of this
negotiation should be continued by DFG, DWR, USFWS, the USBR, the M& T Ranch, and Western
Cana Water Digtrict (WCWD).

Related actions that may impede or augment the actiont Improvement of the pumping Situation at
the mouth of Big Chico Creek would postively affect al actions that concern Big Chico Creek and its
tributaries; therefore, it should be a priority.

Agency and organi zation rolesand responsbilities: DFG iscurrently negotiating with water usersto
determine the best overall solution. Active pursuit of this matter should be continued by DFG, DWR,
USFWS, the USBR, the M& T Ranch, and the WCWD.

Potential obgtaclesto implementation: Costsof building asphon, pumping groundweter, or moving
and screening pumps could be an obstacle.

Predicted benefits: The present lossto these pumps of juvenile chinook salmon from both the Big Chico
Creek fishery and the Sacramento River fishery would be prevented or at least reduced; Chico Creek
adults would have an increased chance of finding the creek. Recent estimates of the numbers of adult
sdmon entering Chico Creek do not exist, but 26 adults were observed during a spring-run survey
conducted in 1993. This number could reasonably e expected to at least double, as Chico Creek
higtoricaly supported thousands of spring-run, fal-run, and late fal-run chinook salmon (Y oshioka pers.
comm.).

Action 2: Repair the Iron Canyon Fish ladder.

Objective: Facilitate movement of adult spring-run chinook salmon and steelhead to favorable summer
holding habitat.

Location:  Iron Canyon upstream of Samon Hole (Upper Bidwell Park).
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Narrative description: The severdly damaged Iron Canyon fish ladder should berepaired. Theresponsble
agency is DFG, which plans to complete this project in summer 1995.

Related actionsthat may impede or augment theaction: Thisaction would beaugmented by Action
5 (condructing afishway at the Lindo Channd box culvert a the Five-Mile Diverson).

Agency and organization roles and responsbilities DFG plansto completethis project in summer
1995.
Potential obstacles to implementation Cost of the project may be an obstacle.

Predicted benefits: More rapid movement through this area, particularly in yearsof low flows, will reduce
stress and increase surviva of spring-run sdmon and steelhead adults.

Action 3: Split low flow between Big Chico Creek and Lindo Channdl.

Objective: Minimize trapping and subsequent loss of both adult and juvenile sdmonids from periodic
dewatering of Lindo Channdl.

Location At the divergence of Big Chico Creek and Lindo Channdl.

Narrative description: Two optionsexist for maintaining aminimum flow down Lindo Channd: 1) exiding
gates in the Big Chico box culverts at Five-Mile Diverson could be modified to permit operation under
hydraulic head and adjusted as heeded by city personnel to keep asuitable flow split and 2) city personnel
could mechanically remove gravel deposits after each storm event. Because of infiltration losses in both
channels at times when groundwater islow, aminimum of 75 cfs should be maintained in Big Chico Creek
during March through May to facilitate upstream passage of adults. In critica low-flow years, sufficient
water would not be availableto maintain flow in Lindo Channel and fish would belogt. Unfortunately, flood
control consderations preclude smply cutting off one channd or the other.

Related actionsthat may impede or augment the action: Thisaction would be augmented by Action
8. If DWR determinestheamount of riparian vegetation competible with flood passage and sdmon surviva
in Mud Creek, this information might be used or modified for Lindo Channdl.

Agency and organization roles and responsihilities: Theresponsible agenciesarethe City of Chico
and CdiforniaDWR.

Potential obstacles to implementation: The need for gravel removal after sorm events may be an
obstacle.
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Predicted benefits: Because many spring-run chinook salmon and steel head juvenilesand someadultstravel
by way of Lindo Channdl, their survival would be enhanced. Surviva of fal-run and late fal-run samon
redds and rearing fry in Lindo Channd would aso be improved.

Action 4. Replace spawning grave in the channels modified for flood control.
Objective: Improve spawning habitet for fal-run and late fdl-run chinook salmon.

Location: Inboth Big Chico and Lindo Channdsfrom the Five-Mile Diversion downgream through thecity
of Chico.

Narrativedescription: Grave trapped a the Five-Mile Diverson tilling basin should be sorted and cleaned
if necessary and moved to drategic locations downstream. This action should be executed by the Chico
Parks Department and overseen by DFG.

Related actionsthat may impede or augment the action: Thisaction could be augmented by Action
6 (improving of the cleaning procedure of One-Mile Podl) if gravel from Five-Mile Diversion was added
downstream of One-Mile Pool

Agency and organization roles and responsibilities: This action should be executed by the Chico
Parks Department and overseen by DFG.

Potential obstacles to implementation: Costs of personnel and equipment required to sort, clean,
and move the gravel could be obstacles.

Predicted benefits: Spawning success will be improved for fall-run and late fal-run chinook salmon.

Action 5: Repair the Lindo Channed weir and fishway.
Objective: Facilitate upstream passage of spring-chinook salmon and stedhead from Lindo Channdl.
Location: At the Lindo Channd box culvert at the Five-Mile Diverson.

Narrative description: The downstream apron should be regrouted and a fishway constructed.

Related actionsthat may impede or augment theaction: Thisaction would beaugmented by Action
3 (splitting flow between Big Chico Creek and Lindo Channdl).
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Agency and organization roles and responghilities: Planning and execution of this action should
involve a collaboration between DFG, DWR, and the Corps.

Potential obstacles to implementation: Cost of building the fishway could be an obstacle.

Predicted benefits: Fewer adult spring-run chinook samon and stedlhead will be logt in Lindo Channel.

Action 6: Improve cleaning procedure a One-Mile Pool.

Objective: Reduce sltation of downstream spawning and rearing habitat.
Location: One-Mile Damin Chico.

Narrative description: The following dternative gpproaches have been presented to the city (Swanson
1994): 1) remove the swimming pool and dam and restore the natural stream and 2) modify the dam and
divert sream flow during pool cleaning.

Rdated actions that may impede or augment the action: None known.

Agency and organization roles and responsbilities: Theresponsible group for thisactionisthe city
of Chico.

Potential obstaclesto implementation: Costsof modifying the dam for diverson during deaningand
public protest over removing the pool are potentia obstacles to implementation.

Predicted benefits. Spawning success of fdl-run and late fal-run chinook salmon would be enhanced
because many spawn downstream of One-Mile Dam. Slight improvementsin rearing habitat would also be

expected.

Action 7: Preservation from development and disturbance of the primary summer holding areafor spring-
run chinook salmon.

Objective: Obtain title or conservation easement on land adjacent to primary summer holding pools for
spring-run chinook sdmon. Thisisespecialy important consdering the margina summer temperaturesand
possibility of resdentia development in those areas.  Additiond disturbance would cause sgnificant
mortdity.

Location Higgin's Hole downstream to the upper end of Bidwell Park.
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Narrative description:  Preservation can be accomplished by purchase of a conservation easement or
purchase of the land.

Related actions that may impede or augment the action: None known.

Agency and organization rolesand responsibilities: The USFWS and DFG should collaborate with
locd land owners and private conservation groups such as The Nature Conservancy in achieving thisgod.

Potential obgacles to implementation  Costs of acquiring the land and the landownerss
unwillingnessto sl are potentia obstacles to implementation.

Predicted benefits; This action would have minimum bendfit in the immediate future, but is essentid for
continued long-term production of spring-run chinook salmon and steelhead in Big Chico Creek.

Action 8: Revegetate denuded stream reaches and restore and maintain a protected riparian sirip.

Objective: Expand the usable habitat, provide habitat diversity and cover from predators, and shade to
keep the water cooler in late spring.

Location All Centrd Vdley reachesof Rock and Mud Creeks, with specia attertion given to the reach of
Mud Creek fromthe confluence of Sycamore Creek to the junction of Mud and Big Chico Creeksand the
reach of Rock Creek from the Nord- Cana Highway to the Nord- Giandlla Road.

Narrative description Restore and maintain a naturd riparian corridor. An educationd campaign to
dispense knowledge about the vaue of smdl tributaries as saimon habitat, coupled with more stringent
enforcement of exiging prohibitions on dumping and riparian destruction, should help significantly to
preserve and restore tributary habitat. Recruitment of school groups and loca conservation groups for
cleanup, riparian planting, fencing, and other restoration projects would contribute both to education and
direct restoration. Critical stream reaches might be preserved by purchase of conservation easements.

Related actionsthat may impede or augment the action: Thisactionwould be augmented by Action
9 (replacing grave in the flood-diversion reach of Mud Creek), which would help to increase the overall
hebitat qudity and diversity.

Agency and organization roles and responsibilities: Cooperation between DFG, DWR, and local
consarvation groupsisessentid. DWR will haveto determinethe amount of riparian vegetation compatible
with flood passage and sdmon surviva in Mud Creek. Butte County must cooperateto alow that amount
to remain while maintaining the channd.

Potential obstacles to implementation:  Enforcing conservation laws may be difficult if thereisa
shortage of enforcement personndl.
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Predicted benefits. Trees, roots, and ssumps at the stream edge create eddy currents during flood. The
eddies scour out the deep holes the young sdlmon need for survival indry years. Thetreesaso shadethe
stream, contributing to lower stream temperatures, while the roots and fallen branches provide cover for
juvenilesto escgpefrom predators. Resultant habitat diversity supports many formsof aquatic foods, while
terrestrid insects, faling into the water from overhanging vegetation, aso contribute to the food base.
Recruitment of school groupsand loca conservation groupsfor deanup, riparian planting, fencing, and other
restoration projects would contribute both to education and direct restoration.

Action 9: Replace grave in the flood-diversion reach of Mud Creek.

Objective: Expand the usable habitat and provide habitat diversty for rearing sdmon and their prey.

Location: Thereach of Mud Creek from the confluence of Sycamore Creek to the junction of Mud and Big
Chico Creeks.

Narrative description: Continua additionsof gravel arerequired to compensate for scouring by the diverted
Chico Creek floodwater. Grave replacement would be necessary after each 10-year or larger flood event.

Related actionsthat may impede or augment the action: Thisaction could be augmented by Action
4 (removing grave trapped in the Five-Mile Diversgon gilling basin and moving it to srategic locations
downgtream) if somegravel isplaced intheflood-diversonreach of Mud Creek. Thisactionwould asobe
augmented by Action 8 (revegetate denuded stream reaches and restore and maintain aprotected riparian
arip).

Agency and organization roles and responghilities: Responsible agencies are Butte County and
DFG with supervison from DWR to ensure that flood transport capacity is not compromised.

Potential obstacles to implementation: Costs of continuous maintenance may be an obstacle to
implementation.

Predicted benefits: Grave replacement in Mud Creek would increase habitat divergty for rearing and
permit adults straying into the creek to spawn successfully.

Future research needs- Further study isneeded to determineif human-induced changes (such as
logging, development, grazing, and road building) inthe Big Chico Creek upper watershed may have dtered
base flow and summer temperatures, thereby making it hazardousfor oversummering adult spring chinook
sdmon.
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Thermographs have beeningadled by DFG at strategic pointsin Big Chico Creek to eva uate holding habitat
for soring-run adults. Temperature dataneedsto be gathered over anumber of years, preferably spanning
both wet and dry periods.

Consdering the paucity of avalable data for Big Chico sdmonids, ingtalation and monitoring of an adult
counting device and atrgp for outmigrants are needed.

Both Big Chico Creek and Lindo Channe receive storm drain runoff from the City of Chico, with its
associated load of litter and pollutants. While this has not been implicated as a problem to the fishery, it
should be monitored to ensure that no problem arises.

Aninvedtigation of the reaionship of foothill diversonsto downstream flow volume and water temperature
in Mud and Rock Creeks would help with management decisions for those tributaries.

Butte Creek -

Limiting factors and potential solutions - Habitat needs within the Butte Creek system are
complex and vary by areaand time of year. Passage at dams and diversions, instream flows, and water
temperature are the factors of most concern. Water rightsin al of Butte Creek above the Western Cand
Damwere adjudicated in 1942 (Butte Creek Judgment and Decree No. 18917). Additiona issuesthat are
more site specific incdude poaching, land development, and recreetion (Table 3-Xb-14).

Table 3-Xb-14. Limiting factors for chinook sdlmon in Butte Creek
and potentia solutions to those problems.

Limiting fector Potentia solutions

Ingtream flows 1. Negotiate with PG& E to provide a minimum of 40 cfs below
Centerville Diverson Dam & dl times

2. Negotiate with water rights holders at Parrott- Phelan diverson
(Diversion 50) to purchase or trade for right to water diverted
from West Branch of Feather River (gpproximately 105 cfs),
possibly as part of trade for relocation of M& T pumps on Big
Chico Creek

3. Purchase exigting water rights from diverters

4. Acquire water rights by replacement with Feather River water
delivered through the Western Cand system as part of
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Limiting fector Potentia solutions
remova of up to five dams resulting from the proposed
Western Cana siphon project
5. Adjudicate water rights and provide state Watermaster
Service for the entire reach of Butte Creek on a year-round
basis in conjunction with the exigting adjudication
6. Initiate legd action to ensure adequate instream flows
Adult passage

Centerville Diverson Dam

1. Remove Centerville Diverson Dam, Forks of the Butte Dam,
and Butte Creek Head Dam

2. Build and maintain ladders over the Centerville Diverson
Dam, Forks of the Butte Dam, and the Butte Creek Head
Dam

Natura barrier 0.5 mile
bdow Centerville Diverson
Dam

Durham Mutud Dam

1. Build and maintain fish ladder

2. Physcdly modify barrier to facilitate passage

Build new high-volume fish ladder to replace existing ladders

Western Cand Dam

Remove dam and ingal sphon

Adams, Gorrill, McGowan,

1. Remove dam and provide dternate sources of water as part

and McPherrin dams of Western Canal siphon project
2. Build new high-volumefish laddersif dam cannot be removed
Sanborn Slough bifurcation Egtablish operationd criteriafor flow solit ether through exigting

legally binding agreements or as part of overal Butte Creek water




3-Xb-82 WORKING PAPER ON RESTORATION NEEDS

Limiting fector Potentia solutions

right adjudication
White Mdlard Dam Replace exiding fish ladder with new high-volume fish ladder
White Malard Duck Club Ingtdl culvert and riser a the point that the outflow meets Butte
outflow Creek to diminate straying
Drumheller Sough outfdl Rebuild and maintain existing culvert and riser a the point

Drumhdler Sough meets Butte Creek to diminate sraying

Butte Sough outfdl 1. Develop operationd criteriato provide continuous passage at
outfal gates from February through June and October through
December

2. Modify flap gates to alow upstream passage of adult sdlmon

East-West Diverson Weir 1. Edablish operationd criteriafor timing and volume of flow
splits between East and West Barrows

2. Ingdl high-volume fish ladder

Sutter Bypass Weir #2 1. Edgablish operaiond criteriato specify dates of inddlation and
removd of war

2. Ingdl high-volume fish ladder

Nelson Slough Egtablish operationd criteria to specify time and volume of flows
through Nelson Sough
Sutter Bypass Weir #5 1. Edgablish operationd criteriato specify time of ingalation and

removd of wer

2. Ingdl high-volume fish ladder
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Limiting fector Potentia solutions
Sutter Bypass Weir #3 1. Edablish operaiond criteriato specify time of ingdlation and
remova of wer
2. Ingdl high-volume fish ladder
Sutter Bypass Weir #1 1. Edablish operationd criteriato specify time of ingdlation and

removd of wear

2. Ingdl high-volume fish ladder

Juvenile Passage

Durham Mutud Dam

Ingtd| fish screens on both diversons

Western Cana Dam

Adams, Gorrill, McGowan,

Remove dam and ingdl sphon

1. Remove dams and provide alternate sources of water as part

and McPherrin dams of Western Canal siphon project
2. Ingdl fish screens on gravity and pumped diversonsif dams
cannot be removed
Little Dry Creek pumps Ingall fish screens
Sanborn Sough bifurcation Ingal fish screen
White Mdlard Dam Ingdl fish screen

Butte Sough outfdl gates

Maintain pogtive flow into Sacramento River from October
through December and January through June

3-Xb-83
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Limiting fector Potentia solutions

Sutter Bypass, Butte Slough Investigate and screen diversions as necessary
to Sacramento River

Poaching Increase enforcement effort throughout portion of Butte Creek
ble to anadromous samonids

Land Use 1. Develop and enforce land use plans that create buffer zones
between the creek and development

2. Deveop watershed management plan

Restoration actions - Thefollowing action items are generdly prioritized relative to their overal value for
restoring habitat and enhancing anadromous fish production. Those actions having the same primary
number configurations are conddered of equa priority (e.g., 1[a] vs. 1[b]). Thoseactionshaving thesame
primary numbersand subletters (e.g., 3[a][1] and 3[a][2]) ared 0 of equd priority. Thesubnumerds(eg.,
3[a][1] and 3[&][2]) are meant to act only as action identifiers, not indicators of priority. However,
differencesin primary numbers and/or subletters are indicetive of differencesin rdative priority (eg., 1[a]
vs. 2[a] or Ja][1] vs. JDb][1]). Many action items are interdependent and could therefore change in
priority, depending on completion of other actions or additiond information.

Action 1(a): Obtain rights to approximately 105 cfs of water from Parrott- Phelan Diverson.
Objective: Provide adequate ingream flows for al life stages of salmonids.
Location: Parrott-Phelan Diverson.

Narrative description: Flow requirements within the Butte Creek system are ageneric problem; however,
they must be considered relative to site- specific requirementswithin the overal sysem and aso by changing
conditionsduring theyear. Thereare generdly no basdinedudiesto definefishery flow requirementswithin
Butte Creek. Thevaue of any additiona water isincreased by itslocation in the sysem. Additiona water
to increase indream flows includes a possible trade of rights to waters diverted by PG& E from the West
Branch of the Feather River for power generation. The rights are currently owned by M&T and Parrott
Ranches near Chico; however, dternate sources of water may be available as the result of a possible
relocation of theM& T pumps, currently located on Chico Creek. Relocation of theM& T pumps, coupled
with an increased capacity, would alow about 105 cfs of West Branch Feather River water to remainin
Butte Creek. Rightsacquired at the top of the anadromous portion of Butte Creek, such astherightsto
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water diverted from the West Branch, are more vauable in resolving the overdl issue than those that enter
further down in the system.

Related actions that may impede or augment the action: DFG currently has an application before
the SWRCB's Divison of Water Rights to convey some recently acquired water rights from above the
Wegtern Cand to the Sacramento River. The water rights in priority, time, and volume generdly are not
available during the period most important for fishery needs. However, an important issue could be
resolved relative to changing the point of use to the Sacramento River.

Agency and organization roles and responghilities. DFG, DWR, and USFWS should plan and
carry out basdline sudiesto define fishery flow requirements within Butte Creek. They should define base
fishery flows by location and time of year and acquire rights to the defined amounts. Passage of the
required amounts of water through the system to the Sacramento River must be guaranteed.

Potentid obstacles to implementation: Success of this action depends on obtaining the necessary
funding and staffing resources and cooperation of the many water right holders.

Predicted benefits: Providing additiona water will increase the amount of available habitat for al life sages
of sadmonids, thus increasing the productivity of the creek.

Action 1(b): Mantain aminimum 40 cfsingtream flow beow Centerville Diverson Dam.
Objective: Provide suitable holding, spawning, and rearing habitat.
Location Centerville Diverson Dam.

Narrative description: Temperature modding and IFIM studies have been completed by PG& E to define
flow reguirements for summer holding and spawning for spring-run salmon in the reach between the
Centerville Diverson Dam and the Centerville Powerhouse. These studiesindicated aneed for aminimum
of 40 cfsfor summer temperature control and aminimum of 40 and 30 cfsfor spawning and egg incubation,
respectively (Steitz pers. comm.). Asaresult of these sudiesand additiona negotiationswith the resource
agencies, FERC adopted in January 1992 a 40- cfs minimum flow between December 15 and October 31
and a 30-cfs minimum flow between November 1 and December 14 during norma water years.

During dry years, however, the FERC license adequatdly addresses only summer flows (40 cfs minimum
between June 1 and September 15) with alow 10-cfsminimum required therest of theyear. This10-cfs
minimum is cond dered inadequate for adult soawning and juvenilerearing. Therefore, aflow regimesmilar
to that required for normal water years should aso be required for dry years.

Related actions that may impede or augment the actiont In severa recent dry years, PG& E has
accommodated resource agency requests to provide additiond flows (up to 30 cfs) for sdmon spawning
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and egg incubation. These actions suggest that PG& E recognizes the need for additional minimum flows
during dry years and may be open to further negotiations on thisissue.

Agency and organization roles and responsibilities DFG and USFWS should open negotiations
with PG&E and FERC to obtain the necessary minimum flows needed to sustain adult spawning and
juvenile rearing below the Centerville Diverson Dam during dry years.

Potential obstaclesto implementation: PG& E isdready providing nonmandated flows (30 cfsduring
dry years after September 15) and may be reluctant to provide these flows on a permanent legally binding
basis.

Predicted benefits. Providing suggested water releases will ensure better holding and spawning conditions
for oring-run chinook sdmon. Additiona benefits will aso be afforded to rearing juvenile salmon and
steel head.

Action 1(c): Purchase exigting water rights from diverters.
Objective: Ensure adequate ingtream flows.
Location: Any or dl points of diverson.

Narrative description: Additiond insiream flow could come from purchesing water rights from willing
sdlers. Severa water rights holders have expressed interest in sdling. Additiona water might be available
through the Western Cand system and could potentiadly be acquired as atrade for other waters delivered
through the SWP and Oroville Reservoir. When purchasing weter, consideration should be given to Site-
specific requirements within the overadl system and changing conditions during the year.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responsibilities DFG and USFWS should initiate negotiations
with water rights holders to purchase their water.

Potentid obstaclesto implementation: Success of thisaction depends on necessary funding and the
cooperation of water rights holders.

Predicted benefits: Any additiona water obtained will benefit the syssem by increasing the available samon
and stecdlhead habitat. Obtaining water higher up in the system will have grester benefits to the entire
sysem.
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Action 2(a): Build anew high-volume fish ladder a Durham Mutua Dam.

Objective: Provide adequate passage for adult samonids.

Location: Durham Mutud Dam.

Narrative description: Durham Mutual Dam is a concrete-base, seasonaly ingtalled flashboard structure.
Eroson below the dam now makes passage a problem under other than the highest flows. There are

presently two existing fish ladders, only one of whichiscapable of passing fishunder dl flows. Diversonsat
this site occur throughout the entire year.

Related actionsthat may impede or augment theaction: Potentid for Western Cana sphon project
to increase diverson amount & this Site.

Agency and organization roles and responsibilities DFG should assist the Durham Mutua Dam
operatorsin developing means for better fish passage.

Potential obstacles to implementation: Improving fish passage could be too costly.

Predicted benefits: Recovery of sdmon and steelhead on a sustainable basi s requires adequate spawning
and rearing habitat. Expedited passage & this Site will reduce delays and injury and provide a sgnificant
benefit.

Action 2(b): Ingtdl fish screens on both diversons e Durham Mutud Dam.
Objective: Prevent entrainment of juvenile sdmonids.
Location: Durham Mutuad Dam.

Narrative description: Durham Mutual Dam is a concrete-base, seasonaly ingtalled flashboard structure.
Diversons at this Site occur throughout the entire year. Neither of the diversons at this Ste is screened.

Rdated actions that may impede or augment the action: None.

Agency and organi zation rolesand respongbilities. DFG should coordinate design and placement of
necessary screens a this diversion.

Potential obstaclesto implementation: Cooperation of dam ownersisnecessary for thisactiontobe
successful.
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Predicted benefits:  Screening this diverson will prevent loss of juvenile sdmon and steelhead from
entrainment and will likely increase production from the creek.

Action 3(a)(1): Develop and congtruct Western Cand siphon.

Objective: Eliminate adult passage and juvenile entrainment problems associated with five damsand obtain
additiond ingtream flows.

Location Western Canad Dam.

Narrative descriptionn. WCWD diverts Feather River water into and across Butte Creek from January
through December in someyears. FHlowsrange ashigh as 1,200 cfsduring the pesk of theirrigation season
of April-August. Fal flows of greater than 200 cfs are routed down Butte Creek to supply the Butte Sink
duck clubs during October through January. Adult sdmonidsareknown to stray into the Western Candl, as
well asinto the many channds of Little Butte Creek, probably as the result of flows through the Western
Cand. WCWD has proposed to remove its dam and ingtal a siphon under Butte Creek. The WCWD
completed aconceptua design study in 1992 and is currently proceeding with an additiond feasbility level
investigation of the potentid to includeremova of Adams, Gorrill, McGowan, and McPherrin dams as part
of the project.

Rdated actions that may impede or augment the action None.

Agency and organization rolesand responsbilities. DFG, the USBR, and DWR should beinvolved
with thisactivity and provide any assstance the WCWD needsto completeitsfeasbility study and project
goprova. Interaction by the agencies at this stage may be critica to the proposd's successful
implementation.

Potential obstacles to implementation: Without agency support, it is possible that the proposa
would not be feasible based on costs or future water needs.

Predicted benefits: Congtruction of thissiphon and removal of thefour additiona damswill eiminate severd
passage and entrainment problems.

Action 3(a)(2): Investigate the possibility of consolidation or replacement of additiond diversonsbe ow
the Western Cana siphon project.

Objective: Eliminate adult passage and juvenile entrainment problems and potertidly obtain additiona
instream flows.
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Location Entire Sream.

Narrative description: There are numerous diversions below the proposed Western Canal siphon project
that could potentialy be consolidated or removed.

Related actionsthat may impede or augment theaction: Theagpprova of WCWD'sfeasbility sudy
(previoudy described for Action 3[a][1]) to removeits Western Cand Dam may provide the opportunity
and impetus to devel op aternative water sources or to remove additiona downstream diversion dams.

Agency and organization roles and responsibilities: DFG, DWR, and USFWS, together withdam
owners, should initiate an investigation to identify the possibility of developing aternate water sources or
conveyance methods. Potential aternatives might include consolidation of diversons, transfers from other
watersheds, utilization of groundwater or ingtallation of screened pumps.

Potential obstacles to implementation: The success of this action depends on cooperative efforts
with the dam owners.

Predicted benefits: Elimination of diversonswill immediately benefit adult and juvenile passage and may
potentialy provide additiond instream flows.

Action 3(a)(3): Acquire water rights as a part of the Western Cana siphon project.
Objective: Obtain adequate instream flows.
Location: Western Cana Dam.

Narrative description: There should be aninvestigation of the possibility of acquiring additiond weter rights
as a part of the Western Canal siphon project supplement to Actions 1(a) and 1(c). Previoudy, DFG
acquired right to 60 cfs of excess Butte Creek flows bel ow the Western Canal Dam. The 60-cfsDFG fish
flows are available only after 462 cfs are supplied to priority right holders. Generdly, during most critica

periods for sdlmon passage of both adults and juveniles, far less than 462 cfs of the natural flow of Butte
Creek remains, thus making DFG's water right of little practical vaue.

Related actions that may impede or augment the action This action is supplementary to Action

1(b).
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Agency and organization roles and responsbilities DFG, the USBR, DWR, and USFWS should
initiate this study in cooperation with water right holders. This activity should be closely integrated with
ongoing feashility studies looking & remova of Western Canal Dam.

Potential obstaclesto implementation: Lack of dedicated staff and funding could limit the success of
this action.

Predicted benefits. Additiona ingream flowswill provideimmediate benefits by increasing available habitat
for dl life stages of salmonids.

Action 3(b)(1): Adjudicate water rights and provide watermaster service or equivalent for entire creek.
Objective: Ensure adequate ingtream flows.

Location Entire creek.

Narrative description:  Adjudication of the creek below the Western Cand would be beneficid in
maintaining adequate instream flow.

Related actionsthat may impede or augment the action: Butte Creek is currently adjudicated inthe
reach above the Western Cana (Butte Creek Judgment and Decree No. 18917). Watermaster serviceis
currently provided from April through September from the headwaters to the Western Cana under the
origind adjudication.

Agency and organization roles and respongbilities DFG, DWR, and USFWS should initiate
actionsto provide watermaster service or the equivalent, such asawater supervisor, inthe entirety of Butte
Creek to cover the entire year.

Potential obstaclesto implementation: Thisaction would probably involve much negotiation among
water users and possible litigation and would be very codtly.

Predicted benefits: Watermaster service resulting from adjudication, or its equivalent, such as a water
supervisor, would serve to protect instream flows for the rest of the creek and for the rest of the year.
Maintenance of defined instream flows throughout the entire creek will dgnificantly benefit migratory
sdmonids.

Action 3(b)(2): Remove Western Cand Dam and replace with siphon.

Objective: Expedite adult passage, diminate straying of adults, and prevent entrainment of juveniles.
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Location Western Canad Dam.

Narrative descriptionn  The Western Cand Dam is a concrete-base, seasondly ingtaled flashboard
dructure. Passage over the foundation with the dam not ingtaled is somewhat restrictive, athough large
rocks have been used to stabilize downstream erosion. A single fish ladder is operationd, dthough it is
thought to be margindly effective asthe result of szeand volumeof flow. Thediversonisaso unscreened.
WCWD diverts Feather River water into and across Butte Creek from January through December in some
years. Fowsrange ashigh as 1,200 cfsduring the pesk of theirrigation season from April through August.
Fdl flowsof greater than 200 cfsare routed down Butte Creek to supply the Butte Sink duck clubsduring
October through January. Adult salmonids are known to stray into the Western Cand, aswell asinto the
many channds of Little Butte Creek, probably as the result of flows through the Western Candl.

Reated actions that may impede or augment the action Thisaction is related to the success of
Action 3(8)(1), which isahigher priority action. If Action 3(a)(1) does not evolve, then this action takes
precedence.

Agency and organization roles and responshilities The success of this action depends on
cooperative efforts with WCWD.

Potential obstaclesto implementation: Costsand staff resources could bethe mgor limiting factors.

Predicted benefits. Recovery of salmonids on asustainable basisrequires access to adequate spawning and
rearing habitat. Expedited adult sdmon passage at this Ste will reduce delays and injury and provide a
sgnificant benefit sdlmonid production. Additiondly, prevention of juvenile entrainment will also benefit
production.

Action 3(b)(3): Edgtablish operationd criteriafor Sanborn Sough Bifurcation.
Objective: Provide better passage for adult salmonids and prevent entrainment of juveniles.
Location Sanborn Slough dam.

Narrative description: Fow splits a the Sanborn Slough Bifurcation Structure may cause delay and or

granding of juvenile and adult salmonids. The existing Sanborn Sough structureis an earthen cobble dam

with two large gated culvertsingtalled across the main channel of Butte Creek. Operationd respongbility

for the structure is unclear, athough there is aloose arrangement between the duck clubs and agricultura

usersto provide diversonsto meet the respective needs by time of year. In addition, Reclamation Didtrict
1004 has an open application to gppropriate additional Butte Creek watersthat specifies operationa aitaia
a thisste. Depending on time and flows, this Ste may be a mgor barrier to adult migration and could

divert agnificant numbers of juvenilesinto the Butte Sink.
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Related actions that may impede or augment the action: If Actions 3(a)(1-3) are successful, the
flow issueswould be resolved. However, fish passage issues must still be addressed.

Agency and organization roles and respongiilities: DFG, with USFWS support, should lead an
effort to bring together involved partiesand deve op operationd criteriafor flow solits, ether through legdly
binding agreements, or as apart of an overall Buitte Creek water right adjudication (Action 3[b][1]).

Potential obstacles to implementation Cost and complexity of water right issues can dow this
action.

Predicted benefits. Developing operationa objectives will reduce or prevent entrainment and expedite
passage of juvenile and adult salmon and steel head.

Action 3(c): Develop operationd criteriafor, and potentiad modification to, Butte Sough outfall.
Objective: Provide sufficient attraction and passage flows for adults and outmigration flows for juveniles.
Location Butte Sough outfal and Sutter Bypass.

Narrative description: The Butte Sough Outfal gates and the effects of theflow split into the Sutter Bypass
may be causing passage problems due to insufficient attraction flows and due to the gates acting as a

physicd barrier. Potentidly, aregulated flow split will berequired to provide passage through both systems
during the period when anadromous fish might be present.

Butte Slough outfdl gates are controlled by DWR and Reclamation Didtrict 70 based on flood and
agricultural needs. Food needs are generally met by balancing flows between the Sacramento River and
Butte Creek utilizing the gated culverts at the end of Butte Siough. Agricultural needs generdly are met by
completdy closing these gates and routing al Butte Creek flows through the Sutter Bypass. The changein
operation frequently occurs in the early spring a a time when adult spring chinook salmon would be
migrating past the mouth of the Feather River, with the net result that attractant flows into Butte Creek
would be changing in volumeand point of entry between Butte S ough outfal and Sacramento Sough. Fish
that would be attracted up the Sacramento River to attempt to enter Butte Creek via the Butte Slough
outfa| gates have an obstacle of unknown magnitude in the form of the flgp gates on the Sacramento River
sdeof Butte Sough culverts. Inaddition, changing flow regimensthrough the Sutter Bypass could serveto
delay or prevent migration into upper Butte Creek. Operationa objectives should be developed that
provide continuous passage at the outfal gates from January to June and October through December.

Related actions that may impede or augment the action: Upstream adult fish passage issues must
gtill be addressed.
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Agency and organization roles and responsibilities: DFG should takethelead in supporting Action
3(c) and incorporating appropriate flow passage needs either at the Butte Slough outfall gates or the
Sacramento Sough. If flows are designed for fish upstiream entry at the Butte Siough outfall, DFG, with
USFWS support, should design and construct adult upsiream passage facilitiesin conjunction with the gates
that would be operationd at high- and low-flow levels.

Potential obstaclesto implementation: Necessary flowsfor fish passage a the Sacramento Slough
entry and costs for afish passage facility at thislocation can be high.

Predicted benefits: Devel oping and implementing operationd criteriaand potentid modificationsto theflap
gateswill facilitate movement of adult and juvenile sdmon and sted head and potentidly Sgnificantly improve
production.

Action 4(a)(1): Build new high-volume fish ladder at Adams Dam.
Objective: Improve adult fish passage.
Location: Adams Dam.

Narrative description:  Adams Dam is a concrete-base, seasonally ingtalled flashboard type structure.
Severe eroson below the dam has resulted in significant passage problems for adults at low flowswith the
damremoved. Theexiding fishladder isoperationd only with the dam ingtalled and isextremely inefficient
due to the sze of theladder, volume of water, and ineffective ladder entrance. If the Western Canal siphon
project is not completed or Adams Dam is not included, Adams Dam should be modified.

Related actions that may impede or augment the actionn Adams Dam has been identified for
possibleremovdl if the Western Cana siphon project is completed and an aternate conveyance system for
a source of water can be identified.

Agency and organization roles and responsibilities: If the damisnot removed, DFG should design
and ingdl a high-volume fish ladder.

Potentia obstacles to implementation None.

Predicted benefits: Improving thefish ladder will expeditefish passage and reduceinjury and stressto adult
sdmon and steelhead.
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Action 4(a)(2): Ingdl fish screens on both diversons & Adams Dam.

Objective: Prevent entrainment of juvenile salmonids.

Location: Adams Dam.

Narrative description:  Adams Dam is a concrete-base, seasondly ingtaled flashboard type structure.

Neither of the diversons a Adams Dam is screened, which would be a necessity only if dam was not
removed as part of the Western Canal siphon project (Action 3[a][1]).

Related actions that may impede or augment the action  Adams Dam has been identified for
possible removd if the Western Cand siphon project is completed and an aternate source of water and
conveyance system can be identified.

Agency and organization roles and responsibilities  If the Adams Dam remains, DFG should
develop contingency plans to design screens and upstream passage facilitiesin conjunction with the dam
operators.

Potential obstacles to implementation: None are anticipated at thistime.

Predicted benefits. Ingaling fish screens will prevent entrainment at this Ste and increase production.

Action 4(a)(3): Build new high-volume fish ladder a Gorrill Dam.
Objective: Improve adult fish passage.
Location Gorrill Dam.

Narrative description: Fowsbeow Gorrill Dam areasgnificant passageissue during late spring and early
fdl. Late-arriving Soring-run and early arriving fal-run chinook salmon are affected by ineffective passage a
thisgte. Gorrill Dam is a concrete-base, seasondly ingtdled flashboard structure. Aswith dl the other
diversion dams, erosion below the structure has caused significant passage problemsfor adult sddmon. The
existing structure has alow-flow center ladder that ismarginally passablewith thedam out. When thedam
isingalled, a second ladder is operationd, dthough it is probably marginaly effective as the result of size,
volume of flow, and ineffective entrance characteristics.

Related actions that may impede or augment the action  Gorrill Dam has been identified for
possibleremoval aspart of the Western Cand siphon project if an adequate conveyance system and source
of water can be identified.
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Agency and organizetion roles and repongbilities:  If the damisnot removed, DFG should design
and indd| ahigh-volume fish ladder.

Potential obstacles to implementation:  The decision to design and build a fish ladder would
probably be delayed until a decision has been made regarding the remova of Gorrill Dam.

Predicted benefits: Improving thefish ladder will expeditefish passage and reduceinjury and stressto adult
sdmon and steelhead.

Action 4(a)(4): Ingdl fish screens on diversons at McGowan Dam.
Objective: Prevent entrainment of juvenile sdmonids.
Location: McGowan Dam.

Narrative description: McGowan Dam, partidly or entirdly owned by DFG, diverts water to the DFG
Upper Butte Basin Wildlife Area. Past operation of the diverson was generdly redtricted to March
September. With the change of usageto wildlife, thediversonwill potentialy be operated on ayear-round
basi s depending on flow conditionsin Butte Creek. McGowan Dam isaconcrete-base, seasondly indaled
flashboard type structure. Diversons from this Site are unscreened and include onelargegravity diverson
and two or more smdl pumped diversons.

Related actions that may impede or augment the action: McGowan Dam has been identified for
possibleremova as part of the Western Cand siphon project if an adequate conveyance system and source
of water can be identified.

Agency and organization roles and responsibilities: If the dam isnot removed, DFG should design
and ingdl screenson dl of the diversons.

Potential obstaclesto implementation: The decision to design and build fish screenswould probably
be delayed until a decison has been made about the remova of McGowan Dam.

Predicted benefits. Ingaling fish screens will prevent entrainment at this Ste and increase production.

Action 4(a)(5): Ingdl fish screens on three diversons a McPherrin Dam.

Objective: Prevent entrainment of juvenile sdmonids.
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Location McPherrin Dam.

Narrative description: McPherrin Dam, partidly or entirdly owned by DFG, diverts water to the DFG
Upper Butte Sink Wildlife Areaand others. Aswith the McGowan Dam, past operation was generaly
restricted to March-September.  Acquidtion of the wildlife area has resulted in a year-round operation
dependent on flow conditionsin Butte Creek. Thedam isaconcrete-base, seasondly ingtaled flashboard
dructure. Three mgjor gravity diversions and severad pumped diversions are unscreened.

Related actions that may impede or augment the action McPherrin Dam has been identified for
possible removal as part of the Western Cana Siphon project if an adequate conveyance system and
source of water can be identified.

Agency and organization roles and reponshilities: If the damisnot removed, DFG should design
and ingd| screenson dl of the gravity and pumped diversons.

Potential obgtaclesto implementation: The decision to design and build fish screenswould probably
be delayed until a decision has been made regarding the remova of McPherrin Dam.

Predicted benefits: Ingdling fish screenswill prevent entrainment at this Site and increase production.

Action 4(b)(1): Ingdl fish screens on both diversons at Western Cand Dam.
Objective: Prevent entrainment of juvenile samonids.

Location Western Cana Dam.

Narrative descriptionn  The Western Canad Dam is a concrete-base, seasondly indaled flashboard
dructure. The diverson isaso unscreened. WCWD diverts Fesather River water into and across Butte
Creek from January through December in someyears. Flowsrange ashigh as 1,200 cfsduring the peak of
the irrigation season from April through August. Fall flows of greater than 200 cfs are routed down Butte
Creek to supply the Butte Sink duck clubs during October through January.

Rdated actionsthat may impede or augment the action: Western Cand Dam hasbeen identified for
possible removal as part of the Western Cand Siphon project if an adequate conveyance system and
source of water can be identified.

Agency and organization roles and responsihilities: If thedamisnot removed, DFG should design
and ingtall screens.
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Potential obstaclesto implementation: Thedecison to desgn and build fish screenswould probably
be delayed until a decison has been made about the remova of Western Cana Dam.

Predicted benefits. Prevention of juvenile entrainment will benefit production.

Action 4(b)(2): Build new high-volume fish ladder at Western Cana Dam.
Objective: Provide better adult fish passage.
Location: Western Cana Dam.

Narrative description:  The Western Canadl Dam is a concrete-base, seasondly ingaled flashboard
dructure. Passage over the foundation with the dam not ingtaled is somewhat restrictive, dthough large
rocks have been used to stabilize downstream erosion. A single fish ladder is operationd, dthough it is
thought to be margindly effective as the result of size and volume of flow. WCWD diverts Feather River
water into and across Butte Creek from January through December in someyears. Howsrangeashigh as
1,200 cfsduring the peak of theirrigation season from April through August. Fall flowsof greeter than 200
cfs are routed down Butte Creek to supply the Butte Sink duck clubs during October-January. Adult
sdmonids are known to stray into the Western Canadl, as well as into the many channds of Little Butte
Creek, probably asthe result of flows through the Western Candl.

Related actionsthat may impede or augment theaction: Western Cand Dam has been identified for
possible remova as part of the Western Canal Siphon project if an adequate conveyance system and
source of water can be identified.

Agency and organization roles and reponshilities: If the damisnot removed, DFG should design
and indd| ahigh-volume fish ladder.

Potentia obstaclesto implementation: The decision to design and build a high-volumefish ladder
would probably be delayed until a decison has been made about the remova of Western Canal Dam.

Predicted benefits: Recovery of sadlmonidson asustainable bas s requires accessto adeguate spawning and
rearing habitat. Expedited adult sdimon passage at this site will reduce delays and injury and provide a
ggnificant benefit sdmonid production.

Action 4(b)(3): Ingdl fish screens on both diversons a Gorrill Dam.

Objective: Prevent entrainment of juvenile samonids.
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Location: Gorrill Dam.

Narrative description: Gorrill Dam is a concrete-base, seasondly ingtaled flashboard structure with two
unscreened diversons.

Reated actionsthat may impede or augment the action: Gorrill Dam hasbeenidentified for possble
removal as part of the Western Cand Siphon project if an adequate conveyance system and source of
water can be identified.

Agency and organization roles and reponshilities: If the damisnot removed, DFG should design
and ingdl screenson dl of the gravity and pumped diversons.

Potential obgtaclesto implementation: The decision to design and build fish screenswould probably
be delayed until a decison has been made about the removad of Gorrill Dam.

Predicted benefits: Ingaling fish screenswill prevent entrainment at this Ste and increase production.

Action 4(b)(4): Build new high-volume fish ladder a McPherrin Dam.
Objective: Improve adult fish passage.

Locationn McPherin Dam.

Narrative description: The dam isaconcrete-base, seasondly ingtdled flashboard structure. Adult passage
with the dam removed isnot aproblem. The existing structure hasan operationa fish ladder that isbdieved
to provide margina passage resulting from fish not rapidly finding and traversing the ladder. McPherrin
Dam, patidly or entirdly owned by DFG, diverts water to the DFG Upper Butte Sink Wildlife Area. As
with the McGowan Dam, past operation was generdly restricted to March-September. Acquisition of the
Wildlife Area has resulted in a year-round operation dependent on flow conditions in Butte Creek.

Rdated actions that may impede or augment the actionn McPherrin Dam has been identified for
possible removal as part of the Western Cand Siphon project if an adequate conveyance system and
source of water can be identified.

Agency and organization roles and responghilities: If the damisnot removed, DFG should design
and indd| ahigh-volume fish ladder.

Potential obstacles to implementation: The decision to design and build a high-volumefish ladder
would probably be delayed until a decision has been made regarding the remova of McPherrin Dam.
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Predicted benefits: Improving thefish ladder will expeditefish passage and reduceinjury and stressto adult
samonids.

Action 4(c)(1): Build anew high-volume fish ladder at McGowan Dam.
Objective: Improve adult fish passage.
Location: McGowan Dam.

Narrative description: McGowan Dam, partidly or entirdly owned by DFG, diverts water to the DFG
Upper Butte Basin Wildlife Area. Past operation of the diverson was generdly redtricted to March
September. With the change of usageto wildlife, thediversonwill potentially be operated on ayear-round
bass, depending on flow conditions in Butte Creek. McGowan Dam is a concrete-base, seasondly
ingtdled flashboard type structure. There are no known adult passage problems with the dam removed.
Adult passage with the dam inddled is generdly a problem as the result of fish not rapidly finding and
traverang the exiging ladder. A high-volumefish ladder should beingtaled a thedamif it isnot removed.

Related actions that may impede or augment the actionn McGowan Dam has been identified for
possible removal as part of the Western Cand Siphon project if an adequate conveyance system and
source of water can be identified.

Agency and organization roles and reponshilities: If the dam isnot removed, DFG should design
and indd| ahigh-volume fish ladder.

Potential obstacles to implementation: The decision to design and build a high-volumefish ladder
would probably be delayed until adecison has been made about the remova of McGowan Dam.

Predicted benefits: Improving thefish ladder will expedite fish passage and reduceinjury and Stressto adult
samon and steelhead.

Action 5(a)(1): Build new high-volume fish ladder at East-West Diverson Walr.

Objective: Provide passage for adult sdlmonids.

Location Eag-West Diverson Welr.

Narrative description: Flows entering the East and West Barrows of the Sutter Bypass are regulated by a

concrete flashboard structure referred to as the East-West Diverson Weir. This welir is operated by
Meridian Farms Water Company. Flows are routed to the East and West Barrows to meet the needs of
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agricultureduring spring. With the changing requirementsfor the dimination of rice straw in conjunction with
waterfowl habitat, flows may adso beregulated in fal and early winter. How manipulations at this Ste may
therefore be significantly affecting passage of adults and juveniles of both races of chinook saimon. This
welr does not contain afish ladder and under some flowsisabarrier. Congtruction of a high-volumefish
ladder will aleviate most passage problems associated with this dam.

Rdated actions that may impede or augment the action None.

Agency and organization rolesand responsbilities. DFG should desgn and ingdl ahigh-vdunefish

ladder.

Potential obstacles to implementation: Cooperation by the dam owner, Meridian Farms Water
Company, and funding are unknown factors at thistime,

Predicted benefits: Ingtdling afish ladder will expedite fish passage and reduce injury and stress to adult
sdmon and steelhead.

Action 5(a)(2): Establish operationd criteriafor the East and West Barrows.
Objective: Improve adult fish passage.
Location East-West Diverson Welr.

Narrative description: Diversonsand their impactsin thisreach are unknown; however, flows entering the
East and West Barrows of the Sutter Bypass are regulated by aconcrete flashboard structure operated by
Meridian Farms Water Company. Fows are routed to the East and West Barrows to meet the needs of
agricultureduring spring. With the changing requirementsfor thedimination of rice straw in conjunctionwith
waterfowl habitat, flows may aso be regulated in fal and early winter. Flow manipulationsat thissteare
affecting outmigration of juvenile sdmonids.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responsibilities DFG and DWR, in cooperation with the
Meridian Farms Water Company operators, need to develop operationd criteriafor timing and volume of
flow splits between the East and West Barrows.

Potential obstacles to implementation:  Cooperation by dam owner, Meridian Farms Water
Company, and funding are unknown factors & thistime.
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Predicted benefits: Developing operationd criteriawill provide better passage flows for adult sdmon and
steel head.

Action 5(a)(3): Edtablish operationd criteriafor Sutter Bypass Weir #2.
Objective: Improve adult fish passage.
Location: Sutter Bypass Weir #2.

Narrativedescription: FHow splits between the East and West Barrows and theimpacts on anadromousfish
are not wel understood, particularly with the recent changes in water usage resulting from rice straw
decomposition and waterfowl needsin fall and winter. In generd, the East Barrow has been identified as
the most desirable migration route. Drainage flows enter the East Barrow at the Wadsworth Cana and are
amixture of various diversons from the Feather River. Adult sdmon are periodicaly reported to have
migrated up the Wadsworth Cand, presumably to have died without spawning. Waeir #2, a concrete,
seasondlly ingtalled flashboard structure, islocated gpproximately 1 mile south of the Wadsworth Cand. A
fish ladder ingtalled on the west Sde of the weir isgenerdly passable. Weir #2 is operated and maintained
by DWR and isgenerdly in place from March through early November. Thereis, however, aconcern for
delay and dso for regulaion of flowswithin the fish ladder, which are often found to be impassable. With
the recent advent of waterfowl needs for the Sutter National Wildlife Refuge, and potentid rice straw
decomposition needs, Weir #2 is operated over alonger period and, as demonstrated in 1993-1994, was
never removed. Thus, Weir #2 can be amagor obstacle to anadromous fish migration.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responsbilities DFG and DWR, in cooperation with dam
operators, need to develop operationd criteriareative to ingalation date and remova of the weir.

Potential obstacles to implementation None.

Predicted benefits. Developing operationd criteriawill serveto identify and facilitete passageflowsfor adult
and juvenile sdlmon and stedhead, while maintaining agricultural and wildlife needs.

Action 5(a)(4): Edtablish operationd criteriafor Nelson Sough.
Objective: Improve adult fish passage.

Location Nelson Sough.
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Narrative description: Flows from the East Barrow, other than floodflows, historicaly have rejoined the
West Barrow at severd locations, including Gilsizer, Willow, and Nelson Soughs. Problemsin regulating
flows through the three d oughs often resulted in stranded adult sdlmon. The result was adecision to route
al flows during most of the year through Willow Sough, which was modified with a concrete denile fish
ladder. Currently, Ndson Siough isthe lowermost interconnection with the West Barrow and Sacramento
Sough and generdly flows only during flood events. During 1994, DWR ingtdled a control structure that
will dlow regulaion of flows into Nelson Slough during nonflood periods to facilitate better regulation of
flows and elevations at the lower end of the East Barrow.

Related actions that may impede or augment the actiont Even with the sngleroute through Willow
Sough and an improved fish ladder, delay and injury are probably till afactor a thisste. Also, thenewly
ingaled contral structurethat will alow regulation of flowsinto Nelson Sough during nonflood periods has
the potentia to cause stranding of salmon and steelhead.

Agency and organization roles and responsibilities DFG and DWR need to develop operationa
criteriardative to ingalation date and remova of the welr.

Potential obstacles to implementation Funding is unknown & thistime.

Predicted benefits: Developing operationd criteriawill serve to enhance passage and reduce stranding of
sdmon and steelhead.

Action 5(a)(5): Edtablish operationd criteriafor Sutter Bypass Welr #1.
Objective: Improve adult fish passage.
Location: Sutter Bypass Weir #1.

Narrativedescription Welr #1, thelowermost of the West Barrow dams, islocated immediately upstream
of the Tisdale Bypass and is owned and operated by the USFWSfor the Sutter Nationd Wildlife Refuge.
This welir is primarily utilized for the management needs of the refuge; however, it also provides for
agriculturd users. Aswith the other damsin the Sutter Bypass, changing conditions are resulting in year-
round operationsin some years, creating potentialy sgnificant impacts on migrating sdmon and steelhead.

Wair #1 isaseasondly ingtaled concrete flashboard structure, with an existing operationd fish ladder. As
with dl of the other weirs and dams, Weir #1 crestes amgor blockage that, even with its operationa fish
ladder, contributes to dday and injury of migrating sdmon.
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Rd ated actionsthat may impede or augment theaction: Alternative sources of water for the Sutter
Refuge are currently being developed. If an dternative is developed, the weir could potentialy be
diminated or the time of use reduced.

Agency and organization roles and responsibilities DFG, DWR, and USFWS need to develop
operationd criteria relaive to inddlation date and remova of the weir and to explore aternative water
sources to dlow dam removal.

Potentid obstacles to implementation None.

Predicted benefits: The development of sound operationd criteriaor weir remova will benefit sdmon and
gsedhead aswel aswildlife.

Action 5(a)(6): Ingdl fish screens a Sanborn Sough Bifurcation Structure.
Objective: Prevent entrainment of juvenile sdmonids.
Location: Sanborn Sough Bifurcation Structure,

Narrative description: FHow splits a the Sanborn Slough Bifurcation Structure may cause delay and or
granding for juvenile sdmon and sedhead. The existing Sructureisan earthen cobble dam with two large
gated culvertsingalled acrossthe main channel of Butte Creek. Thepotentid for indtdlation of afish screen
at thissite needsto beinvestigated. Operationa responsbility for thetructureisunclear, dthoughthereisa
loose arrangement between the duck clubs and agricultura users to provide diversons to meet the
respective needs by time of year. In addition, Reclamation Digtrict 1004 has an open application to
appropriate additiona Butte Creek watersthat specifies operationd criteriaat thisste. Depending ontime
and flows, this site may be amagjor migrationa barrier and could divert significant numbersof juvenilesinto
the Butte Sink.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities DFG should coordinate screen design and
ingallation.

Potential obstacles to implementation None.

Predicted benefits: A fish screen at this Site could prevent the loss of significant numbers of sdlmon and
stedhead resulting from straying into the Butte Sink.
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Action 5(a)(7): Ingal fish screens a White Malard Dam.

Objective: Prevent entrainment of juvenile salmonids.

Location White Malard Dam.

Narrative description: Reclamation Didtrict 1004 diverts Butte Creek flows at the White Mdlard Dam
during the agriculturd season, and White Malard Duck Club diverts water a this Ste during the fall

waterfowl season. The dam is an earthfilled, seasonaly ingtdled flashboard structure. Thereisan existing
fish ladder that, in conjunction with the dam, is of questionable durability.

Reated actions that may impede or augment the action None.

Agency and organization roles and responghilities  DFG, in conjunction with the USBR and
USFWS, should design and ingtal anew fish screen.

Potentia obstacles to implementation None.

Predicted benefits. Ingtalation of afish screenwill prevent theloss of juvenile sdmon and stedhead at this
dam.

Action 5(a)(8): Screen diversons within Sutter Bypass where necessary.
Objective: Prevent entrainment of juvenile sdmonids.
Location Sutter Bypass, Butte Slough to Sacramento River.

Narrative description: Diversgons and their impacts in this reach are largely unknown; however, flows
entering the East and West Barrows of the Sutter Bypass are regulated by a concrete flashboard structure
operated by Meridian Farms Water Company. Flows are routed to the East and West Barrows to meet
the needs of agriculture during spring. With the changing requirements for the dimination of rice sraw in
conjunction with waterfowl habitat, flows may aso be regulated in fal and early winter. None of the
diversons within the Sutter Bypass are screened, and thus they potentialy entrain sgnificant numbers of
juvenile saimon and stedlhead.

Related actions that may impede or augment the action: Development of dternative water source
for Sutter Refuge could eliminate need for one or more screens.

Agency and organization roles and responshilities: DFG, with support from the USFWS, should
investigate the need for fish screens and facilitate installation where necessary.
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Potential obstacles to implementation None.

Predicted benefits. Fish screen inddlation has the potentid to prevent the loss of juvenile salmon and
steel heed.

Action 5(b)(1): Ingdl culvert and riser at White Mdlard Duck Club outfdl.
Objective: Prevent sraying of adult sdmonids.
Location: White Mdlard Duck Club oufal.

Narrative description: Reclamation Didrict 1004 diverts Butte Creek flows a the White Mdlard Dam
during the agricultural season, and White Mdlard Duck Club diverts water & this Ste during the fall

waterfowl season. Tailwater from thediversion at the White Malard Dam often resultsin stranding of adult
sdmon at the base of the White Malard Duck Club bottom weir. Adult ssimon, primarily fal-run saimon,
are atracted out of Butte Creek approximately 0.5 mile to the base of the bottom weir.

Rdated actions that may impede or augment the action: None

Agency and organization rolesand responsibilities. DFG, USFWS, and White Mdlard Duck Club
need to provide correctionsto the system to avoid attracting and stranding salmon below the White Malad
Duck Club's bottom welir.

Potential obstacles to implementation None.

Predicted benefits: Elimination of stranding at this Ste will increase production in the creek.

Action 5(b)(2): Rebuild and maintain existing culvert and riser & Drumheller Sough outfal.

Objective: Prevent straying of adult sdmonids.

Location: Drumheler Sough outfdl.

Narrative description: Tailwater from Drumheller Sough at the point it enters Butte Creek, under current

operating conditions, is known to attract adult fal-run chinook samon, stranding them in the upper portion
of the dough. Changing water needs for wildlife and rice straw decomposition may eventudly cause
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impacts on late fal-run and spring-run chinook salmon and stedlhead. The existing structure needs to be
rebuilt and maintained.

Reated actions that may impede or augment the action None.

Agency and organization roles and responshilities: Redamation Didtrict 1004, with support from
DFG and USFWS, needsto design, build, and maintain the existing culvert and riser at Drumheller Sough
outfall to avoid attracting and stranding salmon and steelhead.

Potential obstacles to implementation None.

Predicted benefits Rehabilitation of the existing culvert and riser a the outfall will prevent the loss of adult
sdmon due to straying and increase production in the creek.

Action 5(b)(3): Establish operationd criteriafor Sutter Bypass Weir #5.
Objective: Improve adult fish passage.
Location Sutter Bypass Weir #5.

Narrative description:  Anadromous fish migration is generdly encouraged through the East Barrow;

however, flowsin the West Barrow are generally present and sufficient to attract anadromousfish. Three
weirs (dams) arelocated within the West Barrow below the East West Diversion Structure. The uppermost
dam, Weir #5, isaseasonaly operated concrete flashboard structure located approximately 1 milesouthof
the Highway 20 bridge crossing. It isoperated primarily for agricultura needsin spring, dthough it may
have some usein fall flooding for waterfowl and rice straw decomposition. Fish passage at the Siteis not
well understood and has the potentia, under some flow conditions, to present a significant blockage to
migrating adults

Rdated actions that may impede or augment the action None.

Agency and organization rolesand responsihbilities: DFG, DWR, and USFWS, in cooperation with
dam operators, need to develop operational criteriafor thiswelr.

Potential obstacles to implementation: None.

Predicted benefits: Developing operationd criteriawill facilitate passage for adult sdmon and steelhead.

Action 5(b)(4): Egtablish operationd criteriafor Sutter Bypass Weir #3.
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Objective: Improve adult fish passage.
Location Sutter Bypass Weir #3.

Narrative description Weir #3, the second of the West Barrow dams, islocated across from the mouth of
the Wadsworth Cand. It is operated primarily for agriculturd needs and, as with the other welrs, will
potentidly have increasing usage in fdl and winter for waterfowl and rice straw decomposition. Fish
passage a this Steis not well understood; however, it is thought to be a problem under some flow con-
ditions. Operationa criteria need to be developed.

Rdated actions that may impede or augment the action None.

Agency and organization rolesand responsibilities. DFG, DWR, and USFWS, in cooperation with
dam operators, need to develop operational criteriafor thiswelr.

Potentia obstacles to implementation None.

Predicted benefits: Developing operationd criteriawill provide better passage flows for adult sdmonids.

Action 6(a)(1): Initiate lega actions on diverters who are violating water right alocations.

Objective: Ensure sufficient ingream flows.

Location: Entire creek.

Narrative description: In generd, during most periods when impacts on anadromous fish would be of

concern, adequate flowsexist below the Western Canal. Cursory review hasreveded however, that some
usersin this reach gppear to be diverting water outsde of their right or entitlement.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities  DFG, with USFWS support, needs to
investigate this problem and consider legd action only after other actions have failed (see Action 3[a][1]).

Potential obstacles to implementation Cost and cooperation are important to the success of this

action.
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Predicted benefits: Legdly defined ingtream flows will provide sgnificant benefit to migrating ssimon and
steelhead.

Action 6(a)(2): Inddl high-volume fish ladder on Sutter Bypass Weir #2.
Objective: Improve adult fish passage.
Location: Sutter Bypass Weir #2.

Narrativedescription: FHow splits between the East and West Barrows and theimpacts on anadromousfish
are not well understood, particularly with the recent changes n water usage resulting from rice straw
decomposition and waterfowl needsin fall and winter. In generd, the East Barrow has been identified as
the most desirable migration route. Drainage flows enter the East Barrow at the Wadsworth Cana and are
amixture of variousdiversonsfrom the Feether River. Adult sdmon are periodicaly reported to migrate up
the Wadsworth Cana and, presumably, to die without spawning. Weir #2, aconcrete, seasondly ingtalled
flashboard structure, is located approximately 1 mile south of the Wadsworth Cand. A fish ladder is
ingalled on the west Sde of theweir and isgenerdly passable. Thereisaconcern for delay and regulation
of flowswithin thefish ladder, whichisoftenimpassable. Weir #2 is operated and maintained by DWR and
isgenerdly in place from March through early November. With the recent advent of waterfowl needs for
the Sutter National Wildlife Refuge, and potentid rice straw decomposition needs, Welr #2 isoperated over
alonger period and, as demonstrated in 1993-94, was never removed. Thus, Weir #2 can be amgjor
obgtacle to anadromous fish migration.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responghilities.  DFG, in cooperation with DWR, needs to
design and ingdl a high-volume fish ladder.

Potential obstacles to implementation: None.

Predicted benefits. Inddlation of ahigh-volume fish ladder will improve fish passage at this Ste.

Action 6(a)(3): Ingdl high-volume fish ladder on Sutter Bypass Welr #1.
Objective: Improve adult fish passage.

Location: Sutter Bypass Weir #1.

Narrativedescription: Welr #1, thelowermost of the West Barrow dams, islocated immediately upstream
of the Tisdale Bypass and is owned and operated by the USFWSfor the Sutter Nationd Wildlife Refuge.
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This welr is primarily utilized for the management needs of the refuge; however, it aso provides for
agriculturd users. Aswith the other dams in the Sutter Bypass, changing conditions are resulting in year-
round operationsin some years, thus potentidly having sgnificant impacts on sdmon and steelhead. Weir
#1 isaseasondly ingtdled concrete flashboard structure, with an existing operationd fishladder. Aswithal
of the other weirs and dams, Weir #1 creates amajor blockage, even with its operationd fish ladder, that
contributes to dday and injury of migrating salmon.

Reated actions that may impede or augment the action None.

Agency and organization rolesand respongbilities. DFG and USFWSneed to ingal ahigh-vdume
fish ladder a thiswaeir.

Potential obstacles to implementation: I an dternative source of water for Sutter Refuge is
developed, the weir might be removed or the time of operation reduced.

Predicted benefits. Inddlation of ahigh-volume fish ladder will improve fish passage at this Ste.

Action 6(a)(4): Ingdl fish screenson Little Dry Creek pumps.
Objective: Prevent entrainment or impingement of juvenile sdmonids.

Location: Little Dry Creek pumps, gpproximately 1 mile below Afton Road.

Narrative description: The reach between McPherrin Dam and Sanborn Slough borders the Little Dry
Creek Unit of the Upper Butte Basin Wildlife Area. Two unscreened pumps supply weter to the Little Dry
Creek Unit, while an unknown number of additional pumps exis in this reech  None of the pumps are
screened.

Rdated actions that may impede or augment the action None.

Agency and organi zation rolesand respons bilities: DFG and USFWS need to coordinate screening
of al pumps on Buite Creek.

Potentia obstacles to implementation None.

Predicted benefits: Screening will prevent loss of juvenile sdmon and steelheed.
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Action 6(a)(5): Increase law enforcement of fishing regulations.
Objective: Eliminate or reduce poaching.
Location: Entire creek.

Narrative description: Poaching is congdered to be a significant problem aong the entire length of Buite
Creek. One additiona warden position was added by DFG during 1994 to patrol spring-run sdmon
streams. However, the one additional position isresponsblefor providing patrol onfive or six tributaries.
Additiond intensve enforcement might be achieved by providing funding overtimeto existing wardensin the
key areas.

Rdated actions that may impede or augment the action: None.

Agency and organization roles and responshilities DFG and USFWS need to provide the
resources to accomplish this action.

Potential obstacles to implementation None.

Predicted benefits. Increased enforcement of fishing regulaions will prevent loss of adult salmon and
steelhead due to poaching.

Action 6(b)(1): Ingdl high-volume fish ladder on Sutter Bypass Welr #5.
Objective: Improve adult fish passage.
Location Sutter Bypass Weir #5.

Narrative description:  See the narrative description for Action 5(b)(3).

Rdated actions that may impede or augment the action None.

Agency and organi zation rolesand respongbilities: DFG and USFWSneed to ingal ahigh-vdume
fish ladder a thiswaeir.

Potentiad obstadles to implementation None.

Predicted benefits: Ingtalation of animproved ladder will aid in fish passage problems associated with this
dam.




SECTION X. REPORT FROM THE TECHNICAL TEAMS -
B. CHINOOK SALMON AND STEELHEAD 3-Xb-111

Action 6(b)(2): Ingdl high-volume fish ladder on Sutter Bypass Welr #3.
Objective: Improve adult fish passage.
Location Sutter Bypass Weir #3.

Narrative description: See the narrative description for Action 5(b)(4).

Reated actions that may impede or augment the action None.

Agency and organization roles and responshilities DFG, DWR, and USFWS need to ingtall a
high-volume fish ladder at thisweir.

Potentia obstacles to implementation None.

Predicted benefits: Ingtalation of animproved ladder will aid in fish passage problems associated with this
dam.

Action 7(a)(1): Ingdl high-volume fish ladder a White Mdlard Dam.

Objective: Improve adult fish passage.

Location White Malard Dam.

Narrative description: Reclamation Didirict 1004 diverts Butte Creek flows & the White Madlard Dam
during the agriculturd season and White Madlard Duck Club diverts water a this Ste during the fall

waterfowl season. The dam isan earthfilled, seasondly ingtalled flashboard structure. Thereisan existing
fish ladder that, in conjunction with the dam, is of questionable durability.

Rdated actions that may impede or augment the action None.

Agency and organi zation rolesand respongibilities: DFG and USFWSneed to ingal ahigh-vdume
fish ladder &t this dam.

Potentia obstacles to implementation None.

Predicted benefits: Ingtalation of animproved ladder will aid in fish passage problems associated with this
dam.
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Action 7(a)(2): Develop and enforce land use plans that create buffer zones between the cresk and
development.

Objective: Protect exiging sdmonid habitat from further human deve opment.
Location: Entire stream.

Narrative description: Loca land use plans and regul ations need to be implemented or modified to create
buffer zones between the creek and any new development. An ecosystem approach needsto be devel oped
to integrate any anadromous fishery management plansinto an overal watershed management plan that will

require participation of al federa, state, and loca entities, including land owners and private groups.

Formation of loca advocacy groups should be encouraged to ensure that the legitimate needs of dl

stakeholders are considered and addressed. One such group, the Butte Creek Spring Run Restoration

Committee, iscurrently addressing and reviewing Saring-run restoration activities. DFG isin the process of

developing aplan that would protect riparian habitats. Loca groups should be encouraged to participatein
such an effort.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responsbilities: All agencies need to continuetheir interactions
with loca conservation groupsto facilitate devel opment and outs de support of anadromousfish restoration
plans.

Potentid obstacles to implementation: None.

Predicted benefits: A hedlthy riparian corridor isimportant to the maintenance of the watershed.

Action 7(a)(3): Develop awatershed management program.
Objective: Protect existing salmonid habitat while providing for human use of the resources.
Location Entire sream.

Narrative description: See the narrative description for Action 7(8)(2).

Rdated actions that may impede or augment the action None.
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Agency and organization roles and responsibilities: All agencies need to continue interagency and
loca conservation group interactions to facilitate collaborative development and outside support of
anadromous fish retoration plans.

Potential obstacles to implementation None.

Predicted benefits. Preserving and protecting the existing watershed isvery important to therestoration and
continued existence of salmon and steelhead in Butte Creek.

Action 7(b): Enhance fish passage a naturd barrier below Centerville Diverson Dam.

Objective: Increase the amount of available sdmonid habitet.

Location: 0.5 mile downgtream of the Centerville Diverson Dam.

Narrativedescription: A naturd barrier exists gpproximately 0.5 milebe ow the Centerville Diverson Dam
which, under mogt flow conditions, would preclude spring-run chinook samon and stedhead from

ascending. Some additional spawning and rearing habitat isavailable abovethisbarrier. Potentid solutions
include condruction of afish ladder or physical modification of the barrier.

Rdated actions that may impede or augment the action None.

Agency and organization roles and responshilities DFG should investigete the feasibility of
removing or modifying this barrier for upstream movement of spring-run chinook salmon and steelhead.

Potentid obstacles to implementation: None.

Predicted benefits: Some additiond spring-run and steelhead habitat would be provided.

Action 8: Enhance fish passage at PG& E diverson dams.

Objective: Increase the amount of available sdmonid habitet.

Location: Centerville Diverson Dam and above.

Narrative description: Within the upper watershed area above the Centerville Diverson Dam, flows are
regulated by PG& E. Flowsfrom Butte Creek are commingled with diversionsfrom the West Branch of the

North Fork of the Feather River for power generation at the PG& E Desablaand Centerville Powerhouses.
West Branch flows are augmented by storage in Round Valey and Philbrook Reservoirs. Currently,
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releases from the two reservoirs are based primarily on power generation needs, with some consideration
given to recreation in Philbrook Reservoir and flow and temperature cons derations below the Centerville
Diverson Dam, a prime spring-run chinook salmon holding area. Salmon are currently blocked under
amog dl flow conditions from further upstream movement by the Centerville Diverson Dam.

If PG& E diverson damsin the Butte Creek system areto be considered permanent structures, the potential
to enhance anadromous fish habitat above the dams can be achieved only by ingdlation of fish ladders.
Thisconsderation would, of necessity, beincrementd in nature due to the three-dam sequence blocking the
origind natura route to the extreme upper watershed area. The second of these, the Forks of Butte
diversion, isarecent ingtalation owned and operated by Energy Growth Partnership. In addition, natura
barriersthat existed prior to the damsor that formed after dam installation, would need to be evauated for

passage.

Related actionsthat may impede or augment theaction PG& E iscurrently reeva uating the efficacy
of maintaining and operating the DeSabla-Centerville Project. The FERC license (FERC 803), which
expiresin 2009, may significantly ater considerations relative to the continued existence of the dams and
their operation.

Agency and organization rolesand respongihilities:. DFG, inconjunctionwith USFWS, should begin
negotiating with PG& E and Energy Growth Partnership to facilitatefish passage. Thesuccessof thisaction
is aso depends on the completion of Action 7(b).

Potentia obstacles to implementation: None.

Predicted benefits: Unimpeded passage, ether through ingtdlation of fish ladders or removd of dams,
would provide additiona habitat that is thought to have been higtoricdly utilized by sdmon and stedhead.

Colusa Basin drain -
Limiting factors and potential solutions -

Migration barriers - Access to westside tributaries is currently blocked by the levee
system dong the Sacramento River. In addition, migration from the ColusaBasin Draininto theindividua
tributariesis often blocked by various dams and checksingalled by irrigation and reclamation didtricts. To
facilitate movement of salmon and stedlhead, defined migrationd corridorswould haveto beidentified, con
structed, and maintained.

Migrational flows- Most of the flow of the mgor westside tributaries is captured by the
variousirrigation and reclamation didricts. Thus, itisvirtudly impossblefor adultsto congstently enter the
system and for juvenilesto consstently exit the system. To facilitate adult entrance and juvenile exit, defined
ingtream flows have to be provided for each of the specified tributaries.
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Water temperatures- Temperatureis probably limiting for juvenilesand adultsentering or
exiting the sysem during April through October. Drain flows often exceed 2,000 cfs and water
temperatures exceed 80°F. Drainage flowsentering the Sacramento River at KnightsLanding during April
through June probably sgnificantly affect Sacramento River temperatures below Knights Landing.

Restoration actions -

Action 1. Develop defined migrationd routes.

Objective: Provide direct accessto Westside Tributaries.

Location Westside Tributaries entering Colusa Basin.

Narrative description: Beforewater devel opment, westside tributariesthat currently enter the CousaBasin
Drain probably entered the Sacramento River through various doughs between the towns of Glenn and
KnightsLanding. Reclamation efforts have since blocked this access other than through the outfall gates at

KnightsLanding. Inaddition, withinthe basin, most tributariesare blocked or diverted by variousirrigation
and reclamation digtricts.

Related actionsthat may impede or augment theaction: Migrationd corridors haveto beidentified
that would ether provide river accessSmilar to that exigting historicaly or, dternatively, provide adefined
route through the ColusaBasin Drain outfdl into the tributaries. Either dternative would require significant
structura work such as levees, fish screens, fish ladders, siphons, and bridges.

Agency and organization rolesand responghilities. 1tisnecessary for DFG, USFWS, and DWRto
reach consensus asto the feasibility of devel oping anadromousfish production potentia inthe ColusaBasin
Drain, giventhelow potentia for developing migration corridors and the necessary infrastructure to ensure
successful passage and reproduction (small reservoirs, levees, fish screens, fish ladders, siphons, and
bridges).

Potential obgtacles to implementation: The cost to make necessary structura fixes to a complex
irrigation drainage system to gain a potentidly smal anadromous fish production contribution and the high
temperature input during May to June suggest that greater salmon production benefits could accrue from
investing amilar costs into major diverson screens located on the maingtem of the Sacramento River or
enhancing higher production potentia streams.

Predicted benefits Potentid benefits are unknown athough defined access routes might alow sporadic
opportunigtic runs of fdl-run saimon based on historica knowledge of the drainage.  Alternatively, some
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unknown benefit to upper Sacramento River sdmon stocks might result from excluding entry to the Colusa
Basin Drain a the Knights Landing outfal gates. A greater benefit to sddmon stocks, particularly fal-run,
may be preventing entrance into the Colusa Basin Drain. Currently, it is believed that any fish entering the
drain and respective tributaries are sraying from the Sacramento River asthe result of high return flows at
the Knights Landing outfall gates.

Action 2: Develop defined migrationd flows.

Objective: Provide direct accessto Westside Tributaries.

Location Westside Tributaries entering Colusa Basin.

Narrative description: Beforewater development, westsidetributariesthat currently enter the ColusaBasin

Drain probably entered the Sacramento River through various doughs between the towns of Glenn and
Knights Landing. Mot likely, higtorica flows were sporadic and confined to October through March.

Reated actions that may impede or augment the action: Currently, during most of the year, flows
are diverted by various irrigation and reclamation digricts. Some potentid might exigt to enhance flows
through implementation of afoothill reservoir project identified by DWR (1964) asapossbleflood control
dternative. In addition, significant structural work such as levess, fish screens, fish ladders, sphons, and
bridges would be required.

Agency and organization roles and responshbilities  See roles and responsibilities discussed for
Action 1.

Potential obstacles to implementation: As stated for Action 1, genera benefits to salmon stocks,
particularly fal-run stocks, might be improved by preverting entrance into the ColusaDrain. Again, itis
believed that any fish entering the drain and respective tributaries are straying from the Sacramento River as
the result of high return flows at the Knights Landing outfal gates. See potential obstacles discussed for
Action 1.

Predicted benefits: Benefits are the same as stated for Action 1.

Action 3: Reduce water temperatures.
Objective: Enhance survivd in Colusa Drain and westside tributaries.

Location: Westside tributaries entering Colusa Basin.
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Narrative description: Historicaly, water temperatures were probably alimiting factor thet, in conjunction
with inconsstent flows, served to limit sdmon populationsin the ColusaBasin Drain tributaries. 1solating
flows through defined channels, in conjunction with enhanced flows from afoothill reservoir project, might
provide some margindly lower water temperatures.

Related actions that may impede or augment the actiont Temperatureimpacts on the Sacramento
River from drain return flows are bdieved to be significant during the late spring and early fdl periods.
Enlargement of the Knights Landing Ridge Cut might facilitate dlowing such flowsto berouted intothe Y olo
Bypass, thereby diminating impacts on the river a Knights Landing and below.

Agency and organization roles and responshilities  See roles and responghilities discussed for
Action 1.

Potential obstacles to implementation: See potential obstacles discussed for Action 1.

Predicted benefits: Potentid benefits are unknown athough reduced temperatures facilitate sporadic
opportunigtic runs of fal-run sdmon.  Alternatively, some unknown benefit to upper Sacramento River
salmon stocks might result by routing excess bypass flows during spring and fal intothe Yolo Bypass. As
dated for Action 1, generd benefitsto salmon stocks, particularly fal-run, might beimproved by prevating
entrance into the Colusa Drain. See predicted benefits discussed for Action 1.

Miscellaneous small tributaries -

Limiting factors and potential solutions - Table 3-Xb-15 ligts key limiting factors for chinook
sdmon and stedhead in smdll tributaries and potentid solutions. Small tributaries have been degraded in
many ways. Some have been diverted into irrigation canals such as the Glenn-Colusa Canal and are no
longer direct tributariesto theriver. Others have been channeled for drainage or flood control and burned
or sprayed with herbicides to keep channels free of plant obgtructions. Irrigation diversons, usudly in
upstream areas where the streamis perennid, contribute to early dewatering of downstream reaches used
for rearing by juvenile chinook sdimon. Sometimestributaries are damaged S mply becauseloca peoplefall
to recognize their value and place burn pileswhere they destroy riparian vegetation or carelessly overspray
the streams with herbicide or pesticide. Most smal tributaries have been used as dumps for al sorts of
waste, including car batteries, engineblocks, ail filters, animal carcasses, refrigerators, TV's, and household
garbage, dl of which may leach toxic substances into the water. In some cases, fish are logt to irrigation
diversonsthat pull river water upstream near the mouth of the tributary. While chinook saimon rearing in
most smdl tributaries is limited by one or more of the above problems, the smaler streams have not been
Sudied enough to detail which reach of which stream needs particular restoration.
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Table 3-Xb-15. Key limiting factors for chinook salmon and stedhead
in smal tributaries and potential solutions to those problems.

Limiting factors Potentid solutions

Degraded rearing habitat Revegetate denuded stream reaches, restore a
protected riparian strip

Lossto agriculturd diverson Move pumps to the river where sufficient bypass

flow exigsto avoid entranment of juvenile
salmonids and avoid screen intakes

Presence of toxic materidsin Remove exiging hazardous materiads; educate

Sreams public about importance of smal streams;
enforce ordinances prohibiting dumping in
Sreams

Early dewatering of streams Find aternative sources of water for upstream
diversons

Blocked upstream passage for rearing Replace bridge/ford combinations with bridges

juvenile chinook salmon or enlarged culverts

Loss of rearing habitat due to interception Provide sphonsto get "beheaded” tributary
of tributaries by cands Sreams padt irrigation cands

Restoration actions -
Action 11 Revegetate denuded stream reaches and restore and maintain a protected riparian strip in dl
tributaries.

Objective: Expand the usable rearing habitat and provide habitat diverdty, cover from predators, and shade
to retain lower water temperaturesin late oring.

Location: All Central Valley reaches of rearing tributaries.
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Narrative description: Restore and maintain anaturd riparian corridor that isnot sprayed, mowed, burned,
channdled, or used asagarbage dump. Educational campaignsto dispense knowledge about the va ue of
amadl tributaries as sdmon habitat should help sgnificantly to preserve and restoretributary habitat. Recruit-
ment of school groups and local conservation groups for cleanup, riparian planting, fencing, and other
restoration projectswould contribute both to education and direct restoration. Critica stream reachesmight
be preserved by purchase of conservation easements.

Related actionsthat may impede or augment theaction: All of theactionsin thisreport augment one
another because they al improve rearing habitat for juvenile chinook salmon.

Agency and organizaion roles and responsihilities: Cooperation between DFG, DWR, and local
conservation groups is essentid.

Potential obstacles to implementation:  Enforcing conservation laws may be difficult if thereisa
shortage of enforcement personndl.

Predicted benefits. Trees, roots, and ssumps at the stream edge create eddy currents during flood. The
eddies scour out the deep holesthat young salmon need for surviva in dry years. Thetreesadso shadethe
stream, keegping temperatures safefor juvenile sdmon, whiletheroots and falen branches provide cover for
escape from predators. Resultant habitat diversity supports many forms of aquatic foods, whileterrestria
insects, faling into the water from overhanging vegetation, aso contribute to the food base. Improved
habitat from riparian revegetation would result in gregter surviva of juvenile chinook salmon rearing in
tributaries. Recruitment of school groups and loca conservation groups for cleanup, riparian planting,
fencing, and other restoration projects would contribute both to education and direct restoration.

Action 2 Move pumps to the river where sufficient bypass flow exists to avoid entrainment of juvenile
samonids. (Screen pumps.)

Objective: Reduceloss of juvenilesto agriculturd diverson.

Location All Centra Valey reaches of rearing tributarieswhere diversion pumps arelocated but desgned
to take water from both tributary and river.

Narrative description: Pumps are frequently located on atributary just off the river to reduce damage and
digplacement from the meandering river. When functioning, they reversethe naturd flow between themand
the river. While convenient and cheaper for the water user, pumps are disastrous to anadromous fish.
During winter or early spring, juvenile chinook ssimon move up the tributaries for rearing (Madin and
McKinney 1994). If the pumps located in the tributaries are turned on before the sdlmon leave, most




3-Xb-120 WORKING PAPER ON RESTORATION NEEDS

sdmonwill belost. Such diversionsshould be relocated, moved to theriver, and re-indalled with screening
and bypass flows. Federd and gtate funds should be made available to avoid excess hardship to small
operators.

Rd ated actionsthat may impede or augment theaction Seerd ated actionsdiscussed for Action 1.

Agency and organization roles and responsibilities This action should be accomplished by a
collaboration between DWR, DFG, the USBR, USFWS, and local water users.

Potential obgtacles to implementation: The cost of moving and screening pumps could be an
obstacle.

Predicted benefits: Thousandsof juvenile chinook salmon would be saved annualy (Madinand McKinney
1994).

Action 3: Find dternative sources of water for upstream diversions.
Objective: Prevent early dewatering of stream reaches used for rearing.
Location: All rearing tributaries with upstream diverson.

Narrative description Smadl irrigation diversonsexist in dmog dl of these sreams, usudly in the foothill
region where sreams are perennid. They cause reduced flow in downstream reaches, often resulting in
early dewatering and associated | oss of juvenile salmonids that would have successfully emigrated in afew
weeks. Timing and quantity of agricultural diverson need to be changed to prevent early dry down in
downsiream reaches. Subdtitution of groundwater sources from mid-April to mid-May would improve
aurvivd, particularly of fal-run juveniles

Rdated actionsthat may impede or augment the action: Seerelated actionsdiscussed for Action 1.

Agency and organization roles and responshilities: This action should be accomplished by
collaboration between DWR, the USBR, and local water didtricts.

Potential obstaclestoimplementation: Lack of understanding of theimportance of small tributaries
may affect the cooperation of water users.

Predicted benefits. Fdl-run juvenile chinook sadmon that aredmost to the smolt stage are often trapped as
intermittent sreams dry down in late April and early May. Leaving additiond water in small tributaries at
these critica times could permit surviva of thousands of juvenile salmon (Madin and McKinney 1994).
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Action 4 Survey tributaries for toxic materids, follow with cleanup projects as needed; expand
enforcement of dumping ordinances.

Objective: Remove hazards and potential hazards such as car batteries, ail filters, and anima carcasses
from streams. Prevent further use of streams for dumps.

Location: All Centrd Valey reaches of rearing tributaries.

Narrative description The value of intermittent streams is often unrecognized, and, consequently, the
sreamsare used as convenient waste receptacles. All sortsof wagte, including car batteries, engine blocks,
oil filters, anima carcasses, refrigerators, TV's, and household garbage, can be observed in these tributary
greams. This problem can be addressed by a combination of cleanup, education, and enforcement of
exising prohibitions on dumping.

Rdated actionsthat may impede or augment the action: Seerd ated actionsdiscussed for Action 1.

Agency and organization roles and responsibilities: Cooperation between DFG, DWR, and local
conservation groups is essentid.

Potential obgtaclesto implementation: Lack of understanding of theimportance of small tributaries
may limit public cooperation. Enforcing conservation laws may be difficult if there is a shortage of
enforcement personnd.

Predicted benefits: Whileit isimpossible to estimate loss of juvenile sdmonids due to toxic and oxygen
demanding materiasin streams, rampant illegal dumping is substartialy degrading habitat.

Action 5: Replace bridge/ford combinations with bridges or larger culverts.
Objective: Expand the usable habitat in some tributaries.
Location Centra Valey reaches of rearing tributaries that have bridge/ford crossings.

Narrative description: Some rearing tributaries have low road crossings, usudly constructed of concrete
with small culverts so that low flows pass through the culverts at high velocity and higher flows pill over the
road bed (e.g., Elder Creek by TCC, Dye Creek a ShastaBoulevard.) Thehigh velocity and turbulence of
water passing through these culverts prevent juvenile chinook salmon from migrating further upsiream,
sometimes blocking access to miles of channd suitable for rearing.

Rdated actionsthat may impede or augment theaction: Seerelated actions discussed for Action 1
above.
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Agency and organization roles and responghbilities. Resolution of this problem should be
accomplished by a collaboration between the Cdifornia Department of Transportation, DFG, and private
land owners.

Potential obstacles to implementation: Costs of improving road crossings could be an obstacle.

Projected benefits: Additiond rearing habitat would become bleto juvenile saimon. The absolute
benefit would vary with the proximity to theriver of the crossing and the amount of potentia rearing habitat
upstream.  Within a few miles of the river, a reasonable projection would be about 1,500 juveniles per
Sream mile.

Action 6: Provide sphonsto get "beheaded” tributary streams past irrigation canas.
Objective: Expand the usable habitat.

Location Centrd Vdley sreamsthat formerly were tributary to the Sacramento River but now emptying
into an irrigation cand, especidly on the west Sde of the Sacramento River in Glenn and Colusa counties.

Narrative description: Many tributaries now flow drectly into cands. (e.g., Willow, Hunter's, Corrd,
Lurline, Freshwater, Sand, Oat Creeks,) Becausewater in these streams no longer reachestheriver, their
habitat is no longer available to anadromous fish. Some of these "beheaded” streams formerly supported
minor spawning populaions of fal-run chinook salmon; most provided rearing habitat.

Rd ated actionsthat may impede or augment theaction Seerd ated actionsdiscussed for Action 1
above.

Agency and organization roles and responshilities Locd water digricts, DWR, DFG, and the
USBR should cooperate to solve this problem.

Potential obstacles to implementation: The cost of providing siphons could be an obstacle.

Predicted benefits. Each tributary could provide rearing habitat for between 5,000 and 20,000 juvenile
chinook salmon annualy. Small spawning populations (50 to 100 adults) could be supported by some (Paul
Madin, professona opinion pers. comm.).
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C. LOWER SACRAMENTO RIVER AND DELTA TRIBUTARIES
Approach -

The Lower Sacramento River and Delta Tributaries Salmon and Steelhead Technical Team's approach
to developing recommendations for the anadromous fisheries restoration program was to assign
drainages to individual team members (Table 3-Xc-1). Team members were each responsible for
taking a lead role in developing recommendations for their assigned drainages. Individual team
members enlisted the help of additional authors to help them write their sections, or additional authors
were enlisted by the team leader.

Table 3-Xc-1. List of team members and additional authors assigned to writing
sections for each of the lower Sacramento River and Delta tributaries.

Drainage Assigned member Additional authors®

Feather Ted Sommer, DWR Dan Castleberry, USFWS

" Yuba Paul Bratovich, Beak Consultants Mike Bryan, Beak Consultants

Bear Nick Villa, DFG John Nelson, DFG

Steve Croci, USFWS
American Paul Bratovich, Beak Consultants Mike Bryan, Beak Consultants
Cosumnes Nick Villa, DFG Dawne Becker, DFG

Steve Croci, USFWS

Mokelumne Joe Miyamoto, EBMUD Gary Rensink, USFWS

Calaveras Kate Puckett, USBR

" In addition to the listed authors, formatting and editorial changes were made by the USFWS,
primarily at the request of the Core Group.

To develop this report, the team first developed a comprehensive list of potential limiting factors.
This list is not included in the report. Each team member selected only those factors that were
potentially limiting in their drainage and included those factors under the header "Limiting factors and
potential solutions”. Team members then selected only those factors that they considered to be of
primary importance and described restoration actions for these factors under the header "Restoration
actions".

Throughout this process, team members agreed to confine their lists of limiting factors and restoration
actions to those factors and actions that take place within the drainage to which they were assigned.
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Two factors that affect production outside the assigned drainages and that all team members agreed
must be addressed are that (1) substantial progress toward restoration must be achieved within the
Sacramento-San Joaquin Delta if natural production of salmonids that spawn in the lower Sacramento
River and Delta tributaries was expected to double and (2) ocean harvest of naturally produced
chinook salmon must not be allowed to occur at higher levels than natural production on small rivers
can support. Because the authors believed these factors would be discussed elsewhere in the report,
the sections on individual drainages that follow rarely mention these factors.

Feather River -

Limiting factors and potential solutions - - Following is a list of factors that may limit
chinook salmon and steelhead production within the Feather River basin (ranked in approximate order
of importance).

Instream flows - Low flows during the baseline period may have limited spawning
habitat, rearing habitat, and juvenile outmigration.

Spawning gravel - The quantity and quality of spawning gravels are reduced by
armoring, gravel mining, lack of gravel recruitment, and encroachment of vegetation.

Water temperature - Warm temperatures below Thermalito outlet possibly could
negatively affect the reproductive success of adult spring-run chinook salmon However,
temperatures in the low-flow channel remain relatively cool because of dam releases. Field
observations during 1992 indicated that temperatures below Thermalito outlet in the springtime reach
levels considered unsuitable for young salmon.

Angling - Recent studies indicate that Feather River fishery in-river and Bay/Delta
anglers may harvest 20-21% of the spawning escapement (Brown and Green in press). In addition
to reducing the numbers of spawners, anglers also trample redds, potentially reducing the survival of
pre-emergent salmonids in the redd.

Hatcheries - The viability of spring-run salmon in this system is questionable because
of possible interbreeding with fall-run salmon, resulting in genetic dilution. Studies are needed to
determine if pure stocks of spring-run salmon remain. In addition, Cramer (1990) estimated that a
large percentage of hatchery-produced salmon stray to other rivers in the Sacramento Basin. While
these fish contribute to the overall escapement in the Central Valley, production in the Feather River
could be increased by reducing straying rates.

Bank and streambed modification - Channelization is aggravated by levees and
embankments that restrict lateral channel movement, increasing flow velocities and deepening the
channel. Channelization and riprapping may also reduce habitat diversity, instream cover, and food
availability for fry and juveniles.
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Diversions - Several unscreened agricultural diversions and pumps exist along the
lower Feather River. The degree to which these diversions affect salmonids 1s unknown; however,
it is possible that some entrainment occurs.

Water quality - The effects of wastewater discharge into the river are unknown,
however, Dick Painter (DFG retired pers. comm ) expressed concern that water quality problems
were possible. This issue should be investigated.

Predation - Large schools of striped bass congregate near the mouth of the Yuba
River during the months of peak outmigration of smolts. Predation rates have not been measured,
but are expected to be significant.

Table 3-Xc-2. Key limiting factors for chinook salmon production in the

Feather River and Etentiai solutions. _|

Limiting factor Potential solutions

Instream flows 1. Compete instream flow study

2. Ifinitial instream flow results are accurate, increase
discharge into the low-flow channel

3. Increase flows in reach below Thermalito Dam to 2,500 cfs

4. Gravel restoration to increase spawning habitat, particularly
near the hatchery

5. Experimental pulse flow events in spring to promote
outrmigration

6. Test the effectiveness of increasing turbidity in the river as
an alternative to pulse flows
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Spawning gravel

Potential solutions

Gravel restoration to reduce armoring in spawning habitat,
particularly near the hatchery

Gravel replacement at the head of one or more low-flow
channel riffles

Increase instream flows to reduce encroachment

Consider occasional flushing flows to clean channel
margins

Gravel restoration at the margins of problem riffles,
including removal of encroaching riparian vegetation

"

Water temperature

Complete temperature model for the river as a tool to
examine this issue

Develop alternatives to reduce temperatures during critical
periods. Increasing flow through the low-flow channel in
summer is one possible alternative

Angling

The extent of this problem requires further study
Restrict sport fishing in the Feather River
Educate sport fishers on risks of redd tramphng

Promote catch-and-release fishing

|

Hatcheries

Conduct studies to determine if pure stocks of spring-run
chinook salmon remain

If spring-run salmon are shown to be genetically distinct,
modify hatchery practices to maintain their viability

Continue tagging studies to determine the extent of the
straying problem

l
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| Limiting factor Potential solutions

Bank and streambed Actions related to channelization remain to be determined.
modification Further studies are needed to assess possible impacts.

Restoration actions -
Action 1. Increase flows in low-flow channel
Objective: Enhance and maintain spawning and rearing habitat.
Location: Low-flow channel.

Narrative description: Under this action, instream flows in the low-flow channel would be increased
for at least part of the year. Under the present configuration of the system, most flow in the lower
Feather River is generally diverted through Thermalito Diversion Dam, leaving a constant flow level
of 600 cfs in the "natural" watercourse, the low-flow channel. Extra flow through the low-flow
channel during at least September through May may enhance spawning habitat without an adverse
effect on rearing. Two alternate flow schedules are discussed below. Schedule A flows would be
as follows:

Schedule A. Adopt for | vear and evaluate.

Flow (cfs) for three year types
Months
Wet and normal Dry
1 September-May 2,500 1,700
ﬂ June-August 1,100 800

Adoption of Schedule B would depend on the results of evaluation of Schedule A. Under Schedule
B, flows would be set at 800 cfs vear round in all year types.

The rationale for this action is that initial results from a DWR/DFG instream flow study suggest that
spawning habitat in the low-flow channel would be maximized at higher flows than the present level
of 600 cfs (Sommer 1994). DWR (1982) studies also indicate that excessive spawning densities in
the low-flow channel result in superimposition of redds, reducing egg survival by as much as 40%.
Recent field observations confirm the presence of extensive superimposition.
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The two schedules are based on two different modeling scenarios presented in a draft IFIM report
(Sommer 1994). The modeling scenarios differed in assumptions about depths preferred by spawning
chinook salmon. Recommendations may be modified after completion and final release of the IFIM
report.

Schedule A is based on the assumption that chinook salmon prefer to spawn at depths greater than
or equal to 1.5 feet, provided that velocity and substrate requirements are met. Evidence for this
assumption comes from observations of chinook salmon spawning in the American and Sacramento
rivers. Although most salmon have been observed to spawn at a depth of 1.5 feet in the Feather
River, it is possible that flows have not been sufficiently high during the period of observation to
create the right habitat conditions.

Schedule B is based on the assumption that chinook salmon in the Feather River prefer to spawn at
a depth of 1.5 feet. Evidence for this assumption comes from observations of chinook salmon
spawning in the low-flow channel of the Feather River (Sommer 1994),

Whether Schedule A or B provides optimal spawning habitat depends on which assumption is most
realistic. Flows similar io those recommended in Schedule A did not occur during the period of
observation, but flows similar to those in Schedule B did occur. Without observations at flows
similar to Schedule A flows, it is difficult to compare the validity of the two assumptions.

Based on this uncertainty, the effects of Schedule A flows on spawning habitat (especially depth
preferences) should be tested. The test should consist of at least 1 year of Schedule A flows in the
low-flow channel and should include observations of spawning habitat and preferences. Because the
potential exists for Schedule A flows to result in substantially less spawning habitat than is present
at existing flows (as is predicted by the modeling scenario on which Schedule B flows are based), the
effects of Schedule A flows should be evaluated yearly. If Schedule A flows result in a reduction in
spawning habitat, Schedule B flows (or flows derived from subsequent analyses) should be adopted.

Emmg_ghﬂgcjmnlgmmmign: Instream flows in the low-flow channel have been set
through an agreement between DWR and DFG. FERC also has regulatory authority over Oroville

Dam operations. Any changes in flow would require approval from these parties. In addition, the
action would have costs to the SWP as a result of the water that would no longer be diverted through
Thermalito Power Plant.

Predicted benefits: This action is probably one of the best ways to improve salmonid production in
the lower Feather River. Benefits include increased spawning habitat, egg survival, and outmigration
flows. However, the projected benefits of this action are difficult to specify because of the
preliminary nature of the instream flow model questions about whether "deep spawning" is realistic.
Given the severity of the superimposition problem in this reach, an increase in salmon production by
10-50% may be expected, depending on which alternative is most realistic.
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Action 2: Consider providing experimental pulse flows
Objective: To stimulate outmigration of juvenile chinook salmon,
Location: Low-flow channel and reach below Thermalito outlet.

Narrative description: Experimental pulse flows could be considered as an approach to promote
outmigration, Outmigration is a particular concern in the low-flow channel, where flows are constant
unless surface runoff or floodflows enter the river. Moreover, temperatures are cooler in the low-
flow channel: fish who delay their migration because of insufficient migration cues may face
dangerously high temperatures in the lower reach (Sommer 1993). Pulse flows might provide
important cues to enhance the migration. Possible experimental release schedules remain to be
developed.

Potential obstacles to implementation: Changes to instream flow will require approval from
DFG, DWR, and FERC. Flood control is also a potential concern.

Predicted benefits: A possible henefit of this action is enhanced survival of smolts. However, the
potential effects on salmonid production in the system cannot be identified until field trials are
conducted.

Action 3: Consider providing experimental high-turbidity pulses.
Objective: To stimulate outmigration of juvenile chinook salmon.
Location: Low-flow channel and reach below Thermalito outlet.

Narrative description: Turbidity pulses could be considered as an approach to promote outmigration.
Outmigration is a particular concern in the low-flow channel, where flows are constant unless surface
runoff or floodflows enter the river. Moreover, temperatures are cooler in the low-flow channel; fish
that delay their migration because of insufficient migration cues may face dangerously high tempera-
tures in the lower reach. However, initial observations from the Feather River suggest that turbidity
or flow pulses might provide important cues for outmigration (Sommer 1993). Moreover, studies
by Ligon et al. (in prep.) suggest that increased turbidity reduces predation losses during
outmigration.

Potential obstacles to implementation: This option is Aighily experimental; techniques have
not yet been developed. Moreover, clearance would be needed from the CVRWQCB and perhaps
other agencies.
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Predicted benefits: A possible benefit of this action is enhanced survival of smolts. However, the
potential effects on salmonid production in the system cannot be identified until new studies are

completed.

Action 4: Restore gravel and create spawning habitat in the low-flow channel.
Objective: Reduce armoring, increase spawning habitat.
Location: Low-flow channel and reach below Thermalito outlet.

Narrative description: Problems with limited spawning habitat were described previously under the
instream flow option. Additional problems are that: 1) the existing spawning habitat is undergoing
significant armoring, particularly near the high density spawning area near the Feather River Fish
Hatchery (DWR 1982); and 2) low, stable flows appear to have promoted vegetation encroachment
at the edge of spawning riffles. Maintenance of relatively stable flows in the low-flow channel
through much of the past decade may have promoted vegetation encroachment at the margins of
spawning riffles. Flood events in 1986 and 1993 are the major exception to this comment. Although
flows have been much more variable below Thermalito outlet, reduced flow during many months of
the recent 6-year drought may have promoted vegetation encroachment in this reach of the river.

Restoration activities should be undertaken to reduce armoring and increase spawning habitat. A
total of approximately 2-3 river miles are considered high priority for restoration.

Potential obstacles to implementation: Extensive engineering studies are needed before this
option can be implemented. Permits would probably be required from the Corps, DFG, CVRWQCB,
and perhaps other agencies.

Predicted benefits: Redd superimposition could be reduced if the quality of spawning habitat was
improved and if new riffles were created. Possible benefits cannot yet be identified until engineering
studies identify the potential areas and design constraints for restoration and riffle creation.

Action 5: Replenish gravel.

Objective: Reduce the degradation of spawning gravel.

Location: Low-flow channel and reach below Thermalito outlet.

Narrative description: Clear water releases from Lake Oroville are eroding streambanks and the

channel bottom without replenishment, Gravel studies indicate that channel degradation is expected
to continue throughout the river below Oroville Dam (DWR 1982). Placement of gravel in upstream

areas and allowing it to migrate downstream may help to alleviate this problem.
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Potential obstacles to implementation: Extensive engineering studies are needed before this
option can be implemented. Permits would probably be required from the Corps, DFG, CVRWQCE,
and perhaps other agencies.

Predicted benefits: This option would help arrest channel degradation caused by the construction of
Oroville Dam. However, it is unclear if this option would significantly increase the quality and
quantity of spawning habitat. At the very least, it would help to reduce long-term reduction in fish
production.

Action 6: Complete temperature model.
Objective: Develop a temperature model as a tool for river management.
Location: Low-flow channel and reach below Thermalito outlet.

Narrative description: A temperature model is needed to help address issues for adult holding, epg
incubation, and rearing of young, summarized below. The University of California, Davis, is presently
completing this model under contract with DWR.

Adult holding: Warm temperatures below Thermalito outlet may negatively affect spring-run
salmon. The extent of this problem has not yet been documented. However, temperatures in the
low-flow channel remain relatively cool because of dam releases. Temperatures are considered less
of a problem for fall-run salmon because they appear to remain in downstream areas until suitable
temperatures are present in the river for spawning.

Incubation: It is unknown if water temperatures resull in egg mortality in this system.
Impacts are most likely to occur in October on spring-run salmon and early spawning fall-run salmon,

Reanng: Field observations during 1992 indicated that spring temperatures below Thermalito
outlet reach levels considered unsuitable for young salmon in relation to the available information on
temperature tolerance (Sommer 1993). If high temperatures are a problem for any of these life stages,
a likely action would be to increase flows through the low-flow channel.

Predicted benefits: The possible benefits of a temperature model remain to be determined, but the
model is expected to be a key tool for the management of salmonids in the system.

Action 7: Conduct studies on the hatchery program.

Objective: 1) Determine distribution of Feather River Fish Hatchery chinook salmon in Central
Valley stocks, and 2) determine genetic integrity of Feather River spring-run chinook salmon.
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Location: Feather River Fish Hatchery.

Narrative description: The viability of spring-run salmon in this system is questionable because of
possible interbreeding with fall-run salmon. Studies are needed to determine if pure stocks of spring-
run salmon remain. Also unclear is the degree to which Feather River salmon stray to other basins
in the system. Cramer (1990) estimated that a large percentage of hatchery-produced salmon stray
to other Sacramento Basin tributaries. A better understanding of the effect of hatchery practices on
salmon survival and distribution may help to improve salmon production and maintain genetic
integrity in the system.

Based on these observations, two studies are proposed:

1) Genetic testing on Feather River spring-run chinook salmon. The initial part of
this study would focus on electrophoretic or DNA studies to determine if viable pure
stocks of spring-run salmon exist. If viable stocks can be demonstrated, the second
phase of the study would develop hatchery practices to maintain genetic integrity.

2) Tagging of hatchery fish. During the past year, DWR initiated an extensive program
of tagging hatchery fish. The goal is to mark approximately 1 million salmon each
year for at least 5 years, The fate of these tagged salmon would be determined
through creel census, spawning, and hatchery surveys. Survival rates would
ultimately be compared 1o the hatchery practices and environmental conditions durng

the release of smolts.
Predicted benefits: Preservation of a viable spring-run salmon stock would be a major benefit to the
gene pool of Central Valley salmon stocks. Moreover, hatcheries have a major, but poorly

understood, effect on salmon production. Tagging studies would allow better management of salmon
in the system. However, projected improvements in production cannot be specified at this time,

Action 8; Increase flows below Thermalito outlet.
Obijective: Enhancement of rearing habitat, maintenance of spawning habitat.

Location: Reach below Thermalito outlet.

Narrative description: Under the proposed action, flows would be increased according to the
schedule shown below for salmon and steelhead.
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Flow (cfs) for year types [
Months Wet Normal
e ——————
October-March 2,500
Apnl-May 3,000
June-August 1,000

September

A draft instream flow report (Sommer 1994) forms the basis of this recommended action for salmon
and steelhead. However, implementation of these flows should include completion of the IFIM study
to confirm the initial recommendations. The March-June flows apply to salmon and steelhead only.

Preliminary IFIM results indicate that spawning habitat during October through December would be
maximized in the 750- to 2,750-cfs range (Sommer 1994). There is no evidence that the
recommended normal and wet year flows of 2,500 ¢fs for October through December would increase
spawning habitat, but this higher level may be a safer level for maintenance of habitat. For example,
vegetation encroachment at the margins of some niffles may be reduced.

The main purpose of the January-May flows is to increase rearing habitat for fry and juveniles and
to promote outmigration. IFIM results show that increasing January-May flows would create
additional rearing habitat, although it remains to be demonstrated that rearing habitat is a limiting
factor in the system (Sommer 1994). Nonetheless, increased flows would probably have temperature
and outmigration benefits for reaning, particularly in late winter and early spring.

The June-August flows remain unchanged from the present instream flow requirement (DWR/DFG
1983). However, recommended flows for these months are contingent on the completion of a
temperature model for the system Additional changes are possible to benefit spring-run salmon
adults, which migrate upstream in spring and hold throughout summer in the low-flow channel.

Potential obstacles to implementation: Instream flows are presently set through an agreement
between DWR and DFG. FERC also has regulatory authority over Oroville Dam operations. Any
changes in flow would require approval from these parties.

Predicted benefits: The benefits of this proposal cannot be quantified at this time.
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Yuba River -

Limiting factors and potential solutions - - Upstream migration of spawning adult salmonids
is physically blocked by the Englebright Reservoir; hence, all spawning occurs below this point. The
following list of limiting factors (Table 3-Xc-3) is limited to the lower Yuba River as defined by
Englebright Reservoir on the upstream end and the Feather River on the downstream end.

Table 3-Xc-3. Factors limiting chinook salmon and steelhead production
_in the lower Yuba River and potential solutions.

Limiting factor Potential solutions

Inadequate instream flows Reoperate New Bullards Bar and Englebnight Reservoirs
to:

1. Maintain mimimum flows of 600-700 cfs from
October 1 to March 31 in all water years

2. Maintain flows 21,000 cfs from April 1 to June 30 in
all water years

3 Maintain minimum flows of 450 cfs from July 1 to
September 30 in all water years

4. Evaluate pulse flows for facilitating juvenile
outmigration in dry years

5. Reduce and control flow ramping rates

Unsuitable water temperature 1. Ewvaluate the efficacy of modifying the physical water
release outlet structure at Englebright Dam.

Losses of juveniles at 1. Re-screen the Hallwood-Cordua, Brophy-South
diversions Yuba, and Browns Valley diversions

2. Consolidate and screen smaller diversions
3. Madify timing and rate of water diverted
4. Improve efficiency of fish bypasses at diversions

5. Exclude piscivores from areas around diversions
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R o

Potential solutions

Limiting factor

Barriers to migration 1. Maintain > 175 cfs through the critical Simpson Lane
reach during spawning seasons of all years

2. Improve fish ladders at Daguerre Point Dam and
maintain appropriate flows through ladders

3. Remove Daguerre Point Dam ”

modifications
2. Place large woody debnis into rearing habitats

3. Terminate current programs that remove woody

Bank and streambank 1. Purchase streambank conservation easements
cover from the stream channel

Overharvest of adults 1. Further limit ocean harvest of naturally produced fish

2. Increase DFG enforcement efforts to stop poaching
during the spawning seasons

Losses due to predation and 1. Modify Daguerre Dam face to keep outmigrants
competition within the main channel

2. Remove Daguerre Point Dam

Two factors, water quality and gravel extraction, are not included in Table 3-Xc-3 or in the section
on restoration actions and are addressed below.

Water quality - The only water quality parameter known to limit salmonid production
on the lower Yuba River is water temperature (see "Water Temperature" subsection above).
However, a water treatment plant does exist on, and discharge effluent into, Deer Creek, a tributary
entering the lower Yuba River just below Englebright Dam (John Nelson, DFG, pers. comm., 1994).
No data are currently available concerning the impact (if any) of this point-gource discharge on
salmonid production in the lower Yuba River and its tributary Deer Creek. However, because the
potential for adverse water quality impacts exists at such sites, monitoring of water quality at the
confluence of Deer Creek with the Yuba River would be in order.
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Gravel extraction - Spawning gravel is not viewed as a limiting factor in the lower
Yuba River today. However, wise management must guard against it from becoming one in the
future because natural gravel recruitment has been severely limited by the construction and operation
of New Bullards Bar and Englebright dams. Along such lines, DFG has made it a priority to regulate
gravel extraction to protect salmon and steelhead spawning areas in the lower Yuba River (Reynolds
et al. 1993). One option to ensure maintenance of salmonid spawning gravel would be to require
mining operators, as a condition of their permits, to occasionally place gravel in the stream to enhance
existing salmonid spawning beds.

Restoration actions -
Action 1: Maintain minimum flows of 700 cfs from October 1 through March 31 in all water years.
Objective: Optimize migration, spawning, and incubation conditions in the lower Yuba River.
Location: Entire lower Yuba River (flows measured at the Marysville gage).

Narrative description: Reallocation of water from New Bullards Bar and Englebright Reservoirs will
be required to meet the instream flows recommended above for improving lower Yuba River
spawning conditions. The Garcia Gravel Pit reach (from just north of Smartville downstream to
Daguerre Point Dam) and the Daguerre Point Dam reach (from the dam downstream to the north side
of Marysville) provide nearly all of the spawning habitat in the lower Yuba River. A flow of 700 cfs
at Marysville maximizes spawning habitat in these reaches, particularly the more heavily utilized
Garcia Gravel pit reach.

Current instream flows during the spawning/incubation seasons are often inadequate for optimal
production.

Adult spawning migrations: Instream flows may limit adult salmonid migration (via straying)
if there is an inadequate quantity of natal stream flows to provide sufficient environmental cues for
homing. Furthermore, inadequate instream flows have been known to block upstream spawning
migrations of salmon in dry years. For additional information on this factor, see the "Migration
Barmers" subsection below.

Spawning habitat: Fall-run chinook salmon spawn during October through January, steelhead
begin spawning in January and continue through April. In most years, minimum flow requirements
appear adequate for providing suitable spawning habitat. The Garcia Gravel Pit and Daguerre Point
Dam reaches provide nearly all of the spawning habitat in the lower Yuba River (DFG 1991).
Approximately 60% of fall-run chinook salmon spawn between Daguerre Point Dam and the
Highway 20 bridge.

The results of an instream flow study performed by Beak Consultants for DFG on the lower Yuba
River indicated that weighted usable area (WUA) is highest for spawning chinook salmon at
600-700 cfs. Thus, when fall flows in the lower Yuba River drop substantially below 600 cfs,
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spawning habitat becomes limiting. DFG believes that salmonid spawning and rearing habitats are
currently limiting in the Yuba River and has therefore assigned an A-1 priority to their improvement
(Reynolds et al. 1993).

Rearing habitat: Rearing habitat is of special concern for fall-run chinook salmon from
December through March. However, steelhead fry rearing occurs throughout the year and flows
must be maintained at a level that permits successful rearing of both species.

Juvenile chinook salmon and steelhead-rearing habitat availability, as determined by TFIM studies
(Beak 1989), is maximal at flows of 150-200 and 200-350 cfs, respectively.

Juvenile outmigrations: Juvenile outmigration of both chinook salmon and steelhead occur
from April through June. Maintenance of at least 700-cls flows during this outmigration period
would facilitate juvenile downstream movement. Flows of 1,000, 2,000, and 1,500 cfs at the
Marysville gage in April, May, and June, respectively, have been recommended for salmon and
steelhead emigration (DFG 1991).

Actions for improving instream flows. Maintaining 700-cfs flows at Marysville from October
| through March 31 would provide good conditions for salmon and steelhead migration and
spawning. Furthermore, maintaining 700-cfs flows at Marysville during these months would prevent
dewatering of redds and/or stranding of young chinook salmon and steelhead throughout the lower
Yuba River. However, because steelhead spawn from January through April, a period when fall-run
chinook salmon are in a rearing life stage, a distinct conflict arises regarding target instream flows
during these months. Optimal flows for spawning steelhead would be 700 cfs, whereas TFIM studies
suggest that rearing salmon would benefit most from flows of about 200 ¢fs. Because spawning
requirements tend to be less elastic than those for rearing of juveniles, and because decreasing flows
in January to accommodate those fry that have emerged may result in dewatering of late redds, flow
rates should be maintained at 700 cfs from October through March. A compromise flow rate of 600
cfs at Marysville from January through March may be reasonable. Outmigrations of both species
occur primarily during April through June, at which time target flows at Marysville should range
between 1,000 and 2,000 cfs. However, it should be noted that such flows would reduce the
availability of preferred rearing habitat young chinook salmon and steelhead remaining in the river.
If flows of 1,000 cfs or greater can not be maintained from April through June during dry and
critically dry years, lower base flows punctuated by pulsed flows of approximately 2,000 cfs should
be considered. Flow rates at Marysville from July through September should be maintained at 450
ofs for steelhead rearing because, by July, nearly all juvenile salmon have left the river. The upper end
of the flow range indicated to be optimal for steelhead rearing was selected because greater thermal
protection is afforded by higher flow rates during these warm weather months. For effective
management of lower Yuba River salmonids, emphasis should be placed on consistently meeting
biologically appropriate instream flows throughout the year.

Since the impoundment of the New Bullards Bar Reservoir in 1969, fall chinook salmon and steelhead
spawning runs have not increased as anticipated, largely because of consistent failure to meet required
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instream flows and temperatures during critical periods of the year. Hence, achieving target flows
and temperatures in the lower Yuba River will likely involve reoperation of both New Bullards Bar
and Englebright Reservoirs. Because instream flows and temperatures are believed to be the two
most limiting factors to salmonid production in the lower Yuba River, reservoir reoperation to meet
target flows and temperatures must be pursued within the constraints of all other uses of reservoir
and river waters. In addition to meeting minimum flow requirements, reoperations should include
physical modification of the water release outlets at Englebright Dam, if shown to be effective, in
order to control the depth (and thus temperature) at which water is released from the reservoir.

Predicted benefits: Lack of suitable spawning flows is currently a key factor limiting salmonid
production on the lower Yuba River, particularly in October. Significant improvements to spawning
habitat quantity and quality, made by increased and maintained flow rates, has perhaps the greatest
potential for increasing annual salmonid production in the river. Although quantitative estimates of
increased production resulting from incremental increases in flows are not presently available,
appropriate spawning flows will significantly contribute to the goal of doubling salmon and steelhead
production in the lower Yuba River.

Action 2: Maintain minimal flows of 1,000 cfs during April, 2,000 cfs during May, and 1,500 cfs in
June in all years

Objective: Optimize juvenile rearing and outmigration conditions in the lower Yuba River,
Location: Entire lower Yuba River (flows measured at the Marysville gage).

Narrative description: Current instream flows during the rearing and outmigration periods are often
inadequate, resulting in increased juvenile salmonid mortality from predation, thermal stress, and
stranding. Reallocation of water from New Bullards Bar and Englebright Reservoirs will be required
to meet the mstream flows recommended above for i 1mprowng lower Yuba River rearing and
outmigration conditions,

Predicted benefits: Lack of suitable juvenile rearing and outmigration conditions are factors that
currently limit salmonid production on the lower Yuba River. The recommended flows would
provide suitable conditions for continued spring-run salmon and fall-run/steelhead smolt emigration.
Furthermore, such flows would guard against juvenile fish isolation and stranding and would provide
for spring-run chinook salmon attraction and immigration flows. Although IFIM studies indicated
that these flows would actually reduce WUA for juvenile rearing, they are necessary to produce the
greatest benefit to the greatest number of fish species and stocks.

Maintaining appropriate rearing and outmigration flows will increase annual salmonid production in
the river by decreasing juvenile mortality from predation, thermal stress, and stranding. Although
quantitative estimates of increased production resulting from incremental increases in flows are not
presently available, appropriate rearing and outmigration flows will significantly contribute to the goal
of doubling salmon and steelhead production in the lower Yuba River.
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Action 3; Maintain mimmum flows of 450 cfs from July 1 to September 30 in all years.
Objective: Improve juvenile steelhead rearing conditions.
Location: Entire lower Yuba River (flows measured at the Marysville gage).

Narrative description: Current instream flows during the late summer rearing period are often
unsuitable for steelhead, resulting in limited physical habitat and stressfully high water temperatures.
Such conditions cause increased juvenile mortality from predation and thermal stress. Reallocation
of water from New Bullards Bar and Englebright Reservoirs will be required to meet the instream
flows recommended above for improving late summer steelhead rearing conditions.

Predicted benefits: Lack of suitable rearing conditions and area currently limit juvenile steelhead
survival in the lower Yuba River. Maintaining appropriate rearing flows will increase annual
production in the river by decreasing juvenile mortality from predation and thermal stress. However,
it should be noted that flows as low as 450 cfs at this time of year could adversely affect spring-run
chinook salmon upstream immigration. Although quantitative estimates of increased production
resulting from incremental increases in flows are not presently available, appropriate late summer
reanng flows will significantly contribute to the goal of increasing steelhead production in the lower
Yuba River.

Action 4: Evaluate the effectiveness of pulse flows for facilitating successful juvenile salmonid
outmigration.

bjective: Optimize outmigration success when water is in short supply (e.g., dry and critically dry
years).

Location: Lower Yuba River.

Narrative description: The faster juveniles can emigrate (within physiological constraints associated
with smoltification), the greater their probability of survival. Reduced time in the Lower Yuba,
Feather, and Sacramento rivers during outmigration reduces the length of time juveniles are exposed
to instream predators and physiologically stressful water temperatures.

Pulse flows should be evaluated as an approach to promote successful salmonid outmigration.
Studies are needed for determining how to maximize juvenile outmigration success when water
supplies are limited in drier years, and thus instream flows could be reduced during the outmigration
period (Apnl-June).
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Predicted benefits: Such studies will provide a basis for facilitating juvenile outmigration when water
within the system is limited. Rapid outmigration associated with a pulse flow will likely increase
juvenile survival rates and thus overall production.

Action 5. Reduce and control instream flow ramping rates.
Objective: Reduce hazards posed to young salmonids when flow rates change quickly.
Location: New Bullards Bar and Englebright dams (points of water discharge).

Narrative description: Fluctuating flows during the base period limited salmonid production by
dewatering redds. Redd dewatering continues to be a problem in the lower Yuba River (DFG 1991).

Operations at New Bullards Bar and Englebright dams relating to the release of water downstream
should be modified so that adjustments made to instream rates are more gradual than they are
currently. Gradual ramping rates will decrease salmonid losses due to redd dewatering and fry and
juvenile displacement and stranding, all of which occur when flow rates are changed substantially and
quickly. Ramping rates should not exceed 30% of an existing initial flow during any 24-hour period.

Maintaining flows of 700 cfs in the river throughout the spawning and incubation periods of October
through April would prevent dewatering of redds and/or stranding of young chinook salmon and
steelhead. To further minimize flow reduction impacts on spawning salmonids and fry survival if
flows become elevated above target levels between October and February, the following additional
flow recommendations are made: 1) If the average flow for a 7-day period is >800 to <1,000 cfs, the
minimum flow rate should default to 800 cfs from the date of occurrence through February; 2) if
flows for a 7-day period average >1,000 to <1,500 cfs, minimum flows should default to 1,000 cfs;
3) finally, if flows for a 7-day period average > 1,500 cfs, flows should be maintained at 1,500 cfs
through February (DFG 1991). Doing so will help prevent redd dewatering and fry stranding during
the October to February period.

Predicted benefits: Establishment of more gradual ramping rates, particularly during spring and
midsummer, will reduce losses of young salmonids and contribute to increased production. The exact
contribution of this action to increased salmonid production can not be calculated at this time.

Action 6: Maintain adequate instream flows for temperature control.

Objective: Reduce thermal stress to salmonids during the spawning, incubation, rearing, and
outmigration periods.

Location: Entire lower Yuba River,
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Narrative description: Effects of water temperature on fishery resources in the lower Yuba River
have been a concern for many years (DFG 1991). River water temperatures are primarily a function
of 1) ambient air temperature and 2) flows and temperatures released from Englebright and New
Bullards Bar Reservoirs. Because of its great depth and storage capacity, there is always access to
the cold water pool of New Bullards Bar Reservoir, even in late summer of dry years. However,
waters released from New Bullards Bar warm substantially within Englebright Reservoir,
Furthermore, Englebright Dam currently has no physical mechanism by which the depth (and hence
temperature) of water released into the lower Yuba River can be controlled. Thus, a physical
modification of the water release outlets of Englebright Dam should be evaluated for improving the
control over the temperatures of downstream water releases.

Adult migration, spawning, and incubation: These life stages occur from September to
February and October to April for fall-run chinook salmon and steelhead, respectively. Stressful
water temperatures that impede spawning can occur during adult upstream migration in October,
particularly if low flows combine with high air temperatures. Water temperatures are rarely too high
for adults migrating during November. Optimum temperatures for chinook salmon and steelhead
migration, spawning, and incubation range from 44 °F to 56°F and from 46°F to 52°F, respectively
(Beak 1989). Constant exposure of salmonid eggs to temperatures above S6°F result in some egg
mortality, while water temperatures above 62°F result in complete egg mortality. Future reservoir
releases should target the optimal range of temperatures during the fall spawning period, particularly
during October through December. For these life history events, chronic low stress will affect
chinook salmon if temperatures are above 56°F and equal to or less than 61°F. Chronic low stress
for steelhead during these life stages will occur if water temperatures are above 52°F and equal to
or less than 59°F. Thus, water temperature approaching 61°F and 59°F will have significant adverse
impacts on the spawning and incubation success of chinook salmon and steelhead, respectively.

DFG (1991) compared thermal preferences of various chinook salmon life stages to Yuba River
seasonal water temperatures during the six water years from 1973 to 1978. DFG found in-river
temperatures at Marysville to be near or above 57°F until after mid-October and regularly into
November as well.

Fry and juvenile rearing: Fry and juvenile rearing of chinook salmon occurs in the Yuba River
from December through April, while fry and juvenile rearing of steelhead occurs throughout the year.
Optimum instream temperature ranges for rearing young chinook salmon and steelhead are 53°F-
56°F and 55°F-60°F, respectively (Beak 1989). Chronic low stress is believed to occur in juvenile
chinook salmon if temperatures are above 56°F and equal to or less than 63.5°F. For steelhead,
chronic low stress will occur if water temperatures are above 60°F and equal to or less than 68°F.
Thus, water temperature approaching 63.5°F and 68°F during cntical rearing months will have
significant adverse impacts on the rearing success of chinook salmon and steelhead, respectively.

Water temperatures near Marysville may often exceed preferred juvenile chinook salmon rearing
temperatures by early April, and, by June, even water that is released from Englebright Dam may
exceed the preferred range (DFG 1991).
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Juvenile outmigration: Peak juvenile outmigrations occur for both species in April-June.
Stressfully high water temperatures frequently occur in June and can also occur in April and May,
depending on flow levels and ambient air temperatures. Optimum instream temperature ranges for
chinook salmon and steelhead juvenile outmigrations are 46°F-56°F and 44°F-52°F, respectively
(Beak 1989). Chronic low stress will occur in chinook salmon outmigrants if temperatures are above
56°F and equal to or less than 63.5°F and in steelhead if temperatures are above 52°F and equal to
or less than 60°F. Thus, water temperature approaching 63.5°F and 60°F during these months will
have a significant adverse impact on the success of juvenile chinook salmon and steelhead
outmigrations, respectively. Elevated water temperatures during this period of the year are
particularly a problem below Daguerre Point Dam. Instream flows are substantially reduced below
this point, thus allowing high ambient air temperatures to quickly warm instream waters.

ions for improving, water temperature: To facilitate successful salmon and steelhead
immigration, spawning, and incubation, river water temperature at Marysville should not exceed 57°F
for the months of October through March. Because both species experience peak juvenile
outmigration from April through June, river water temperatures at Marysville should not exceed 60°F
during April and May and 65°F during June. For the thermal protection of juvenile steelhead, river
water temperatures throughout the remainder of the year (July through September) should be
maintained at or below 65°F as well.

For effective management of lower Yuba River salmonids, emphasis should be placed on consistently
meeting biologically appropriate instream flows and temperatures throughout the year, Adequate
uncommitted water currently exists in the Yuba River system (i e, Englebright and New Bullards
Reservoirs) to restore the river's anadromous fishery. Reoperation of New Bullards Bar and
Englebright Reservoirs to provide appropriate seasonal instream flows and temperatures for salmonid
production in the lower Yuba River should be pursued. Because of the large storage capacity of New
Bullards Bar Reservoir (relative to Englebright Dam), reoperation of New Bullards Bar Reservoir
should take priority for achieving target instream flows and temperatures. Reoperation of Englebright
Reservoir will therefore be heavily influenced by operational changes made upstream at New Bullards
Bar. Colder temperatures for chinook salmon spawning in October, for example, could possibly be
achieved by: 1) drawing Englebright Reservoir down in August and refilling it with cold water from
New Buliards Bar Reservoir, and/or 2) installing a “curtain” into the water release outlets of
Englebright Dam so that water can be released from the lower depths of the cold water pool only.

Appropriate outmigration flows and temperatures must be maintained to the Marysville gage to
prevent heavy losses of juvenile salmonids below Daguerre Point Dam due to predation and thermal

Stress.

Related actions that may impede or augment the action: Higher instream flows (Actions 1-3)
provide the means for achieving target water temperatures in the lower Yuba River. Better access
to the coldwater pool in Englebright Reservoir in fall (see Action 7) could be heavily relied on to meet
target spawning temperatures in October and November for fall-run chinook salmon. Drawing
Englebright Reservoir down in August or September and refilling with cold water from New Bullards
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Bar is likely impractical due to adverse impacts on recreation that would occur at Englebright
Reservoir as a result of this action.

Predicted benefits: Lack of suitable in-river rearing and spawning temperatures currently limits both
steelhead and salmon production in the lower Yuba River. Maintaining appropriate river
temperatures will increase annual salmonid production by decreasing juvenile mortality from
predation and thermal stress and increasing early fall reproductive and incubation success. Although
quantitative estimates of increased production resulting from incremental changes In river
temperatures are not presently available, much is known about how water temperatures affect
salmonid survival rates during each life stage (e.g., USFWS 1990). This information clearly shows
that lower Yuba River water temperatures are generally higher than that which is optimal for
steelhead and chinook salmon and thus every effort should be made to maintain lower river
temperatures throughout the early spawning and entire rearing and outmigration periods of the year.

Of all limiting factors and potential solutions, maintaining suitable river temperatures and instream
flows will probably do more for increasing salmonid production within the lower Yuba River than all
other actions combined.

Action 7: Evaluate and modify (if shown to be effective and appropriate) the water release outlets
at Englebright Dam.

Objective: Physically modify (if found to be effective) the water release outlets of Englebright Dam
to improve control over the depth at which water is discharged.

Location: Englebright Dam.

Narrative description: Reallocation of water from New Bullards Bar and Englebright Reservoirs will
be required to meet the instream flows needed to achieve target river temperatures. To effectively
utilize the cold water pool of Englebright Reservoir, appropriate and effective modifications to the
exsting water release outlets may be needed at the dam  The greater the control over the depth at
which reservoir waters are released, the better one can control downniver temperatures and manage
the reservoirs' coldwater pools throughout summer,

Predicted benefits: See predicted benefits discussed for Action 6.
Actions 8, 9, and 10: Improve efficiency of fish screening devices and fish bypasses at the
Hallwood-Cordua, Brophy-South Yuba, and Browns Valley water diversion facilities. Modify the

timing and rate of water diverted from the river annually.

Objective: Reduce losses of juvenile salmonids.
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Location: Hallwood-Cordua, Brophy-South Yube, and Browns Valley water diversion facilities.

Narrative description: The current fish screening devices at the Hallwood-Cordua, Brophy-South
Yuba, and Browns Valley water diversion facilities do not meet existing DFG fish screening criteria.
Thus, fish screens at these facilities should be rebuilt to meet the DFG criteria, All water diversions
on the lower Yuba River, big or small, should be evaluated for fish losses and screened according to
current DEG criteria. Additionally, the efficiency of fish bypasses at these sites should be evaluated
and changes made as warranted.

In addition to improving the fish screens and bypasses at these diversions, consideration should be
given to the timing and magnitude of water diverted with regard to the timing of juvenile salmonid
outmigration, and hence exposure to diversion screens and bypasses. Decreasing diversion flow rates
at times of peak salmonid outmigration (e.g., April-June) would decrease fish losses at diversion
facilities.

The three most significant diversions along the Yuba River occur at or near Daguerre Point Dam.
Water diversions typically occur at this site from late March through October. The Hallwood
Irrigation Company, the Cordua Irrigation District, and the Ramirez Water District share one
diversion, Brophy and South Yuba Water Districts another, and Browns Valley Irrigation Distnict a
third. The combined diversions add up to a maximum of 1,085 cfs.

Juvenile salmonids are lost at all three diversion intake structures due to impingement, entrainment,
or predation. While losses at individual diversions may not be great, the cumulative loss from all
diversions is an important factor limiting annual salmonid production (Reynolds et al. 1993).

Unscreened diversions: Although a partial gabion structure exists, the Browns Valley
Irrigation District's diversion is, for all practical purposes, unscreened, and losses of juvenile
salmonids are known to occur there. The Hallwood-Cordua diversion is screened only during peak
fall-run chinook salmon outmigrations (i.e., April through June) and remains unscreened during the
remainder of the year. In addition, this diversion is not screened for the entire April through June
outmigration period in every year and the screen does not meet DFG screen criteria for salmonids
smaller than smolt size

Juvenile salmonid survival is likely limited by pump entrainment at unscreened irrigation diversions.
The exact number of unscreened agricultural diversions that exist on the lower Yuba River is not
known at this time. However, an estimated six such diversions exist below Daguerre Point Dam
(John Nelson, DFG pers. comm. 1994). The degree to which such diversions add to annual juvenile
mortality is unknown.

Insufficiently screened diversions: Among the three primary water diversions, the
Hallwood-Cordua diversion provides the best fish protection. It uses a V-shape, punched-plate
screen that directs fish to a collection tank for removal and transport to a release location
downstream. This screen is efficient in preventing the entrainment and impingement of smolt-sized
juvenile salmonids (DFG 1991). However, losses do occur near the screen face and in the intake
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channel due to predation by squawfish. Losses range from 19.0% to 50.2% for test groups examined
during 1977 and 1978,

The Brophy-South Yuba gravity diversion is screened by a permeable rock dike that still allows
passage of juvenile-fish, even when the diversion is not in operation. This levee separates the
diversion pool from a diversion and bypass channel. Studies have shown that fish losses through the
levee were proportional to the amount of water diverted. DFG concluded from a survey that the
levee is permeable to small fish, even when the diversion is not operational. Approximately 50% of
the fish lost were attributed to predation by Sacramento squawfish in the diversion and bypass canal
on the upstream side of the rock levee. Additionally, this gabion structure is topped during high flows
(e.g., greater than 20,000 cfs), allowing juvenile salmonids to become entrained in the pool behind
the structure (John Nelson, DFG, pers. comm. 1994).

The Browns Valley diversion is partially screened by a gabion that stretches across the mouth of the
slough where the pump is located. However, a breech was cut through the gabion near the upstream
bank to enhance diversion flow after it became clogged. The breech has reduced the effectiveness
of the gabion to screen out fry and juvenile fish. Entrainment losses of smolts were calculated for
diversion flows ranging from 10 to 75 cfs with 60-day losses estimated to range from 87 to 1,200
fish. At the maximum legal diversion rate of 42 cfs, total loss over a 60-day period was estimated
to be 525 fish (DFG 1991).

These losses appear small; however, the overall cumulative effects of losses at all diversion sites make
total losses significant. Juvenile salmonids are clearly lost to entrainment and impingement at all of
these facilities. Thus, DFG has assigned an A-1 priority to improving these screening devices
(Reynolds et al. 1993). In accordance with Fish and Game Code 6100, existing gravel and weir type
fish screens have proven unreliable and ineffective and should therefore be replaced and screened with
state-of-the-art perforated plate or wedge wire type screens located on the river (DFG 1991).

Inefficient bypass: At the Hallwood-Cordua screen, turbulence in front of the screens
prevents juvenile salmonids from being quickly transported into the bypass. As recommended for fish
screening devices, all bypasses should be evaluated for their efficiency and actions taken to improve
effectiveness where warranted.

Flow reduction: The combined diversions from Hallwood-Cordua, South Yuba-Brophy, and
Browns Valley diversions add up to a maximum of 1,085 cfs. When considered with New Bullards
Bar Reservoir, the diversions result in increased flows above Daguerre Point Dam and decreased
flows below Daguerre Point Dam. Specific effects of the diversions depend on flow levels and
months when the diversions are made. Flow reductions from all diversions on the lower Yuba River
have undoubtedly limited salmonid production during dry and critically dry water vears. The effect
of water diversion at Daguerre Point Dam (on in-river water temperatures) is most pronounced when
diversions exceed 500 cfs and flows of only 200-300 cfs pass downstream. Low flows allow a more
rapid warming of river waters with increasing distance downriver.
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Actions for reducing fish losses at diversions: Juvenile salmonids continue to be lost at all
diversion intake structures due to impingement, entrainment, and predation. Even if spawning
success is high, net annual production of salmonids will remain low if in-river juvenile mortality rates
continue to be high. Losses are believed to be highest at the South Yuba-Brophy and Browns Valley
diversions. The inefficient rock-gabion structure at the Brophy-South Yuba diversion should be
replaced and screened according to current DFG criteria (DFG 1991). Likewise, an effective fish
screening devise must be installed at the Browns Valley diversion where no screen currently exists,
In addition, all water diversions on the lower Yuba River should be accurately inventoried and
effective screens and/or by-passes installed at all diversions identified to protect outmigrating juvenile
salmonids. DFG has assigned an A-1 priority to inventorying all water diversions between
Englebright Dam and the Feather River and to installing effective screening devises at the
Hallwood-Cordua, South Yuba-Brophy, and Browns Valley diversions (Reynolds et al. 1993).
Finally, modifications to the timing and duration of water diversions should be considered to reduce
the impact of water diversions during critical periods of the year (e.g., juvenile outmigration from
April through June).

A routine maintenance program must be established to prevent debris from blocking the entrance to
fish bypasses. Similarly, bypass flows must be adequate and pathways from the channel into bypasses
direct enough to ensure that fish can find bypass entrances. Finally, structures should be designed
and installed near screens and bypass outlets to exclude and thus prevent squawfish and striped bass
from selectively preying on juvenile salmonids that become disoriented and hence particularly
vulnerable at such sites.

Predicted benefits: Modifications to fish screening devices, bypasses, and the timing of water diverted
would reduce annual juvenile salmonid loses at the above-mentioned water diversion facilities.
Increased juvenile salmonid survival and thus increased lower Yuba River salmonid production would
result.

Action 11: Exclude piscivores from areas around diversions where disoriented juvenile salmonids
become easy prey.

Obijective: Reduce predation losses of juvenile salmonids.
Location: Hallwood-Cordua, Brophy-South Yuba, and Browns Valley water diversion facilities.

Narrative description; Predation on juvenile salmonids by squawfish and, to a lesser degree, by
striped bass is significant at the screening facilities and bypasses of diversions. At the
Hallwood-Cordua screens, squawfish and, to a lesser degree, striped bass prey on juvenile salmonids
that are concentrated at the screen face, Squawfish and striped bass predation is also potentially
significant at the discharge site of the fish bypass system for the Hallwood-Cordua screening facility.
Any alterations to existing screens and/or bypass structures that would reduce predatory fish access
to disoriented juvenile salmonids would reduce such predation losses. Measures that reduced
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squawfish access to juvenile salmonids at screening and bypass sites would also reduce predation
from adults of other fish species.

Observations by Vogel Environmental suggest that predation losses could be the single greatest
source of juvenile salmonid mortality within the Mokelumne River. Although each river within the
Central Valley is unique, such findings suggest that juvenile salmonid losses from predation are likely
to be significant in other rivers, such as the Yuba River.

Actions for reducing juvenile salmonid losses from predation/competfition: Consideration
should be given to a squawfish control program in the lower Yuba River. Structures could be
designed and installed near screens and bypass outlets to exclude and thus prevent squawfish and
striped bass from selectively preying on juvenile salmonids that become disoriented and hence
particularly vulnerable at such sites.

The effectiveness of physical and/or electrical devises should be investigated for installation at the
Hallwood-Cordua, Brophy-South Yuba, and Browns Valley water diversion facilities and associated
bypasses to prevent piscivores from gaining access to disoriented juvenile salmonids. Doing so would
reduce predation losses at these facilities.

Predicted benefits: Exclusion of piscivores from areas where outmigrating juvenile salmonids become
particularly vulnerable to predation would increase outmigration survival, Increased juvenile
salmonid survival will likely increase overall lower Yuba River salmonid production.

Action 12: Maintain a minimum flow of 175 cfs through the critical Simpson Lane reach during the
spawning period in dry and critically dry years.

Objective: Facilitate passage of spawning adults through the critically shallow portions of the
Simpson Lane reach.

Location: Simpson Lane reach (from the north side of Marysville downriver to the confluence with
the Feather River).

Narrative description; The most severe obstruction to upstream migration is likely to occur at a
critical riffle in the Simpson Lane reach. During dry and critically dry years, if instream flow rates
are allowed to drop below 150 cfs in the Simpson Lane reach, physical blockage of upstream
spawning migrations can occur, preventing adults from reaching preferred spawning habitat upstream
(i.e., Garcia Gravel Pit and Daguerre Point Dam reaches). (See Action 1 for boundary definitions of
these reaches.)

The recommended minimum clearance depth for upstream migration of adult chinook salmon varies
in the literature. DFG (1991) indicated that a minimum of approximately 175 ¢fs is required to meet
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fish passage criteria for this reach. This was determined using 2 minimum depth criteria of 0.8 foot
to continuously cover a minimum of 10% of the stream cross-section.

Actions 1 through 6 specify additional flows needed to provide spawning, incubation, rearing, and
outmigration habitat for chinook salmon and steelhead. Flows for passage through the Simpson Lane
reach should not be construed to suggest that flows below those specified in Action 1 through 6 are
adequate to achieve the goals of the AFRP.

Predicted benefits: If spawning migrations become physically blocked by inadequate flows through
the Simpson Lane reach of the lower Yuba River, spawning success will likely be significantly
reduced. Thus, by maintaining appropriate flows here, spawning will be allowed to occur in the best
habitat available even in dry and critically dry years. The result will be greater egg production and
survival to the fry stage than would occur if fish were not allowed to pass beyond this point in the
river,

Actions 13 and 14: Modify fish ladders at Daguerre Point Dam and maintain appropriate flows
through these ladders to improve adult passage efficiency during the spawning seasons.

Objective: Maximize the number of spawning adults that reach preferred spawning habitat upstream
of Daguerre Point Dam.

Location: Daguerre Point Dam.

Narrative description: There are two pool and weir type fish ladders (one on either side of the river
channel) at Daguerre Point Dam. The ladders are effective as long as flows exceed 70 cfs over the
ladders and are not in excess of approximately 4,000 cfs. Several problems can be stated for the
existing set of ladders. First, ladder outlets are arranged at a 90 angle to the main channel's flow
pattern. Secondly, attraction flows at the entrance to the ladders are not constant and often
inadequate to effectively attract migrating adults. This is particularly a problem at higher flows (John
Nelson pers. comm.).

Modifications of Daguerre Point Dam and its fish ladders are recommended to improve the upstream
passage of spawning adults and the downstream passage of juvenile outmigrants. Structural
modifications to existing fish ladders are needed to: 1) increase and continuously maintain attraction
flows at the entrance to the fish ladders, 2) realign the entrance of ladders so they are not at a 90°
angle to the main channel flow, and 3) eliminate sharp turns in the ladders to reduce the difficulty of
fish passage. In addition, the 70-cfs flow that is currently recommended as the minimum flow
through the ladders at Daguerre Point Dam should be reevaluated after ladder reconfiguration and
maintained at the optimal flow for successful adult passage dunng peak spawning periods. Finally,
construction of a third fish ladder up the middle of the dam, in line with the main flow pattern, should
also be considered, because such a ladder may be most effective in routing fish over the dam.
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Removal of Daguerre Point Dam would solve passage problems for both adults and juveniles and
should therefore also be considered.

Predicted benefits: Allowing greater numbers of adult salmonids to reach preferred spawning habitat
above Daguerre Point Dam while they are in sound physiological condition will improve their
spawning success. A greater number of viable eggs and fry produced annually is likely to be the net
result of this necessary action.

Action 15: Purchase of streambank conservation easements.
Objective: Improve riparian habitat and instream cover.
Location: Lower Yuba River.

Narrative description: Historically, riparian forests were likely extensive along the lower Yuba River,
Riparian vegetation is important to the maintenance of anadromous salmonid populations by virtue
of: 1) stabilization of streambanks, thereby reducing sediment load in the river; 2) provision of shade;
3) enhancement of stream nutrients due to decay of plant debris; 4) provision of streamside habitat
for terrestrial and aquatic insects that are preyed on by fish; and 5) provision of instream cover. Mine
tailings left from previous hydraulic mining activities, however, do not support the rich loam soil
required by most native riparian species for reproduction and growth, The lack of native riparian
habitat on the lower Yuba River is limiting to its salmonid populations (DFG 1991, Reynolds et al.
1993).

Water temperature: The riparian vegetation along the lower Yuba River is somewhat sparsely
distributed and provides limited cover and shading of the stream channel. Lack of riparian cover to
provide shading causes river temperatures to be higher than they would be if such cover were present.

Insect availability: Reduction in niparian communities along the lower Yuba River has likely
reduced the abundance of aquatic and terrestrial insects. Re-establishment of native riparian cover
would increase invertebrate food available to fish by providing additional invertebrate habitat and by
increasing river nutrient levels and, hence, productivity.

Habitat diversity and instream cover: Riparian communities remain depauperate with poor
habitat diversity. Instream cover and diversity is likely restricted by the riparian vegetation. Riparian
vegetation along the river has yet to develop to the point that it significantly contributes to the
improvement of reaning habitat that is believed to limit juvenile salmonid survival in the river. The
river levees restrict the range of suitable water depths and velocities for salmonid spawning and
reanng, particularly at lhugh flows. Additionally, suction gold dredging in areas where salmon reside
during summer is a concern of DFG.
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Actions for improving streambank and channel habitat: Efforts should be made to protect
and enhance existing riparian vegetation along the lower Yuba River. As needed, purchase of stream
bank conservation easements would facilitate widening and improving the existing riparian corridor.
A management plan would then be needed to determine best possible approaches to improve and
maintain the riparian habitat. Local conservation organizations should be contacted to determine their
interest in developing and implementing such a riparian enhancement and management plan. Private
land owners should be given incentives to enhance riparian vegetation on their lands.

In addition to maintaining appropriate instream flows, improvements in juvenile salmonid rearing
habitat can be made by: 1) increasing food availability and 2) increasing instream cover, both of
which are results of enhancing riparian habitat. Additional streamside shading provided by enhanced
riparian vegetation will also aid in keeping instream temperatures appropriately cool during spring,
summer, and fall.

Periodic high flows are necessary for natural channel maintenance and thus should be allowed to
occur annually in spring. In addition, no additional riverbanks should be riprapped,; rather, natural
riparian vegetation should be established and managed to stabilize banks.

Predicted benefits: Enhancement of riparian habitats will increase the abundance of both terrestnial
and aquatic insects and therefore their availability to juvenile salmonids. This increased prey base will
likely facilitate more rapid growth and earlier outmigration. Riparian cover will also shade river
waters, thereby helping to keep water temperatures low enough to prevent thermally stressing
outmigrating juveniles and immigrating adulis,

Actions 16 and 17: Placement of large woody debris into the stream channel, Terminate current
programs that remove woody debris from the stream channel.

Objective: Provide instream cover for juvenile salmonids.
Location: Lower Yuba River

Narrative description' Trees and logs could be added to selected rearing habitats on the river,
particularly upstream of Daguerre Point Dam, to enhance instream cover for juvenile salmonids. In
addition, the current practice of clearing trees and other objects from the river to eliminate hazards
to recreationists should be terminated. This practice has clearly reduced the availability of instream
cover needed by juvenile salmon and steelhead.

Predicted benefits: Establishment and maintenance of instream woody cover will provide needed
cover for juvenile salmonids, resulting in increased survival from reduced predation losses. Such
instream cover will also provide a substrate for aquatic invertebrates to colonize, ultimately increasing
food availability for juvenile salmonids.
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Action 18: Impose stricter harvest regulations on commercial fishers.

Objective: Increase spawning escapement

Location: Pacific Ocean.

Narrative description: Commercial harvest regulations could be modified to reduce current
exploitation rates. Oceanic harvests significantly influence escapement and are not stock selective.

Thus, reductions in oceanic harvests will likely increase spawning escapement in most Central Valley
streams, including the lower Yuba River.

At higher flows (as recommended by Actions 1-3), the lower Yuba River can accommodate a larger
number of spawning adults because of increased acreage of suitable spawning habitat.

Predicted benefits: Reducing commercial harvest will likely translate effectively into increased lower
Yuba River escapement. Increasing spawning escapement will provide the potential to increase
salmonid production within the river through increased fry production. Assuming fry and juvenile
mortality rates can be reduced via other actions proposed above, the increase in fry production due
to increased escapement will likely translate into an increase in overall salmonid production in the
lower Yuba River.

Action 19: Conduct weekly on-river patrols in areas where poaching is a concern,
Objective: Increase spawning escapement.
Location: Lower Yuba River.

Narrative description: No accurate estimates of illegal harvest of adult salmonids at the Daguerre
Point fish ladders and elsewhere on the lower Yuba River are currently available. Thus, it is difficult
to say if this is a significant limiting factor. Because such losses can be largely prevented, necessary
actions in the form of patrolling and increasing fines would be appropriate.

DFG could establish a greater enforcement presence at areas along the lower Yuba River where
poaching is a concern (e.g., fish ladders at Daguerre Point Dam). Information regarding the status
of the salmon migratary season could be used by the wardens to optimize the time and manpower
allocated to patrolling the locations selected for particular days or weeks.

Predicted benefits: At higher flows, the lower Yuba River can accommaodate a large number of
spawning adults. Increasing spawning escapement will provide the potential to increase salmonid
production within the river through increased fry production. Assuming fry and juvenile mortality
rates can be reduced via other actions proposed above, the increase in fry production due to increased



3-Xe-30 WORKING PAPER ON RESTORATION NEEDS

escapement will likely translate into an increase in overall salmonid production in the lower Yuba
River.

Action 20: Modify the dam face of the Daguerre Point Dam.
Objective: Reduce juvenile mortality from predation as outmigrants pass over the dam,
Location: Daguerre Point Dam.

Narrative description: Outmigrating juvenile salmonics pass over the face of the Daguerre Point Dam
and become disoriented in waters below, where waiting piscivores (e.g., squawfish and striped bass)
prey heavily on them. This is a particular problem because juveniles can pass over the dam face at
any point and thus often fall into calmer waters adjacent to the main channel flows where piscivores
are particularly successful in capturing them. Losses at the base of Daguerre Point Dam are of
greatest concern during dry years.

Notches or other structures directing flow through particular points on the dam face should be
considered in order to route outmigrating smolts into the main channel of the river below the dam.
Doing so would allow higher velocity main-channel flows to more quickly carry disoriented smolts
beyond waiting predators.

Removal of Daguerre Point Dam would solve passage problems for both adults and juveniles and
should therefore also be considered.

As a related action, physical/electrical barriers could be designed and installed below the dam, which
would deny piscivores access to disoriented smolts immediately below the dam. This would reduce
predation losses from squawfish and other piscivores at Daguerre Point Dam.

Predicted benefits: By reducing the opportunity for squawfish and other piscivores to feed on
disoriented smolts following their passage over Daguerre Point Dam, juvenile survival through the
outmigration stage will be increased. Increased juvenile survival during outmigration may result in
an increase in future escapement of that year-class.

Bear River -

Limiting factors and poiential solutions - - Following is a list of factors that may limit
chinook salmon and steelhead production within the Bear River basin (Table 3-Xc-4).
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Table 3-Xc-4. Limiting factors for chinook salmon and steelhead in the

Limiting factors

Instream flow

Bear River and potential solutions.

Potential solutions

1. Increase instream flows

2 Determine instream flow requirements for chinook salmon and
steelhead

Water temperature

Increase instream flows

Water diversions

Screen diversions

Water quality

Monitor water quality particularly at agricultural return outfalls

Migration barners

—— I = ———————____—_

Negotiate for removal or madification of the culvert crossing at
Patterson Sand and Gravel

Restoration actions -

Action 1: Establish and protect adequate instream flows,

Objective: Provide a sufficient amount water at the appropriate temperatures for salmonid migration,
holding, spawning, incubation, rearing, and outmigration.

Location: South Sutter Water District's (SSWD's) diversion dam.

Narrative description: Lack of flows limit anadromous fish production in the lower Bear River.
Presently, flows in the Bear River below SSWD's diversion dam are not adequate for salmomid
production. In past years, high escapement estimates corresponded to high fall flows (Table 3-Xc-5),
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Table 3-Xc-5. Estimates of numbers of chinook salmon that spawned

in the lower Bear River for selected ztars.‘

Flow range (cfs) in Flow range (cfs) in
October * November

Number of adult
spawners

1.6 - 8.7 045-14
2.1-92 49-29
6.8-37 28 - 7,170

37-55 484 - 4,360

19 - 47 24 - 1,430

44 -33 10 - 28

95-20 15-34

" Source: DFG Region 2, Rancho Cordova, file data for Bear River-Placer, Sutter, and Yuba
counties.

® Source: USGS Water Resources Data, California, Volume 4, various years, gage 11424000, Bear
River near Wheatland.

* Estimate of angler catch from Dry Creek.

Table 3-Xc-6 lists the minimum stream flow and maximum temperature regimes that should be
maintained in the lower Bear River during wet and normal water vears for the protection and
maintenance of chinook salmon  These recommendations are based on information provided by the
SSWD for its proposed Garden Bar Project (Nelson pers. comm.). According to SSWD (1988), the
microhabitat variables describing depth, velocity, and substrate for the juvenile and spawning life
stages of fall-run chinook salmon were taken from Bovee (1978) for use in the simulation model.
However, comparison of the criteria used with that presented by Bovee (1978) indicates that criteria
for juvenile substrate and spawning substrate and depth were not taken from Bovee (1978).

Table 3-Xc-6 was developed in the absence of PHABSIM analyses of the physical habitat WUA/river
discharge relationships for steelhead. Information for fall-run chinook salmon indicate that the
preferred physical living space requirements are optimized by the flow regime presented in Table 3-
Xc-6.
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Table 3-Xc-6. Minimum instream flow and maximum temperature regimes
for wet and normal water-year types to facilitate doubling production
of chinook salmon and steelhead in the Bear River.

Temperature (°F)* at:

Flows (cfs) Wheatland® Highway 70

October 1-14 60 60

October 15-December 15 250° 58 57

January-March 250h* 56 57

April-June 250° 60 60

65 65

July-September

Recommended mean daily temperatures to be maintained during normal and wet water years for
protection of chinook salmon.

Flows needed for spawning and incubation of chinook salmon and steelhead.

Flows needed for rearing and outmigration of chinook salmon and steelhead. Physical habitat
needs alone (depth, velocity, and substrate in PHABSIM analyses) suggest that chinook salmon
require flows of at least 190 cfs from January to March and 100 cfs from April to June.

Flows for July to September will need to be higher to address temperature requirements of
steelhead.

Evaluating existing river temperatures and flows indicates that it may be possible to achieve favorable
water temperatures for chinook salmon under these flows. The flow regime during the July through
September period, however, will not achieve the temperature requirements necessary for steelhead
because temperatures at existing flows since 1963 have been consistently recorded above 75°F at
Wheatland during July and August. Once additional studies of the temperature and flow relationship
downstream of Camp Far West Reservoir and of the physical habitat WUA/river discharge
relationship for steelhead are completed, changes in this flow regime will be necessary to meet the
above temperature requirements for steclhead during the July through September period and possibly
during other times of the year for chinook salmon as well.

Analysis of the annual flow at Wheatland indicates that the recommended flow regime at Wheatland
(95,249 af) represents only 29.5% of the unimpaired flow (Table 3-Xc-7). Comparing the lower Bear
River's proposed flows at Wheatland with the river's annual unimpaired flow for the 63-year period
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indicates that the total annual flow recommended for fishery purposes is exceeded about 94% of the
vears (Table 3-Xc-6). Hence, on the average, there is insufficient water in the Bear River to meet

fishery needs in only 6 out of every 100 years.

Comparing the monthly unimpaired flow with the recommended monthly flow indicates that
recommended October flow exceeds the unimpaired requiring a flow augmentation of 6,207 af
(Table 3-Xc-7).

Table 3-Xc-7. Estimated Bear River mean monthly unimpaired flow at Wheatland
for the 63-year period 1921-1983, actual flow at Wheatland gage for the 1964-1990 period,
and proposed minimum flow regime at Wheatland.

Unimpaired flow, Actual flow, 1964- Proposed minimum

1921-1983* 1990 flow
:—_':__@

October 1-14 2,250 (81) 461 (17) 2,777 (100)
October 15-31 2,750 (81) 561 (17) 8,430 (250)
November 16,000 (269) 9,458 (159) 14,876 (250)
December 43,000 (699) 30,757 (500) 15,372 (250)
January 61,000 (992) 58,579 (953) 15,372 (250)
February 68,000 (1,224) 64,772 (1,158) 13,884 (250)

March 61,000 (992) 67,176 (1,092) 15,372 (250)
April 42,000 (706) 43,537 (732) 14,876 (250)
May 17,000 (276) 11,726 (191) 15,372 (250)
June 6,000 (101) 2,600 (45) 14,876 (250)
July 2,000 (33) 1,061 (17) 615 (10)
August 1,000 (16) 934 (15) 615 (10)
September 1,000 (16) 823 (14) 595 (10)
! Total 323,000 292,535 133,032
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Note: Flows are in af with cfs in parenthesis
' Source: DWR (1987).
> Source: USGS, Water resource data - California, water years 1964 through 1990,

Because flow in the lower Bear River is impaired by water project operations and diversions,
comparison of the actual and recommended flows at Wheatland provides a more representative
evaluation than one using unimpaired flows. Compared to the total annual impaired flow, the
recommended flow regime represents only 32.6% of the impaired flow at the Wheatland gage.
However, comparing the monthly recommended flow with the monthly impaired indicates that on the
average to achieve the recommended minimum flow, the recommended flow exceeds the average
monthly impaired during June, October, and November requiring flow augmentation of 18,864 af

Potentially, water can be acquired by: (1) evaluating the existing water rights throughout the
watershed and petitioning SWRCB for a change to obtain increased streamflow and (2) purchasing
water from willing sellers (potentially SSWD and PG&E).

Water temperatures in the lower Bear River are affected by the operations of Camp Far West
Reservoir, other reservoirs upstream, and diversions downstream of Camp Far West Reservoir.
Operations of the Camp Far West project and diversions have resulted in low flows and elevated
temperatures downstream during critical life stages of chinook salmon and steelhead. Evaluation of
existing temperatures indicated that river temperatures are often at or above preferred ranges for
salmon and steelhead life stages. Maintenance of ideal temperatures can be achieved by developing
operational criteria for Camp Far West Reservoir and other reservoirs upstream and incorporating
them into the prescribed flow schedule.

Predicted benefits: Providing adequate instream flows will encourage spawning in Bear River. Based
on past records, this action should, independently, double escapement.

Action 2© Conduct an IFIM to determine instream flow and temperature requirements for all life
stages of salmon and steclhead.

Obijective: Ensure that the available water is utilized to its fullest potential to benefit all life stages
of salmon and steelhead.

Location: Entire stream below SSID's diversion dam

Narrative description: Previous IFIM studies proved inconclusive due to the methodology employed
(see Action 1) and did not consider steelhead (temperature) or biological criteria. DFG, with aid from
the SSID, should conduct an IFIM on the entire river. The study should evaluate the needed flows
for all life stages of salmon and steelhead using biological and physical parameters.
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Predicted benefits: An IFIM study will ensure the available water is used wisely for all life stages of
salmon and steelhead. Ensuring ideal or adequate flows will directly benefit salmonid restoration.
Action 3; Effectively screen all diversions.

Objective: Reduce loss of production to entrainment.

Location: Entire stream below SSID's diversion dam.

Narrative description: Loss of juvenile salmon due to unscreened water diversions is a generic
problem in the Central Valley. DFG should identify what diversions need screening on Bear River.
Under the authority of standing Fish and Game Codes (6100), all diversions should then be screened.

Predicted benefits: Sereening will directly prevent the loss of juveniles and likely increase production.

Action 4: Monitor water quality particularly at apgricultural return outfalls.

Objective: Ensure that suitable water quality exists for all life stages of salmon,

Location: Entire stream, particularly below agricultural drains.

Narrative description: Excess water from agricultural diversions return to the river. This water may
be contaminated with herbicides, pesticides, and agricultural wastes that may affect water quality.

The EPA or CVRWQCB should conduct water quality testing, particularly at the outfalls of
agricultural drains. Additionally, water quality may be affected by past heavy metal mining.

Predicted benefits: Monitoring the water quality will help identify potential sources of pollution.
Eliminating these sources will improve the overall quality of the river and potentially increase
production.

Action 5: Negotiate for removal or modification of the culvert crossing at Patterson Sand and
Gravel.

Objective: Provide uninhibited passage for all life stages of salmonids.
Location; Patterson Sand and Gravel culvert.
Narrative description: DFG or USFWS should contact Patterson Sand and Gravel and assist it in

modifying the culvert to ensure adequate passage of all life stages of salmonids. The culvert is likely
a migration barrier under most flow conditions.
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edicte fits: This action will enable better passage at this point and increase the available
habitat.

American River -

Limiting factors and potential solutions - The following information (Table 3-Xc-8) was compiled
to identify potentially limiting factors to fall-run chinook salmon and steelhead production in the
lower American River. Although some factors are clearly more limiting, fish production is ultimately
limited by the cumulative effects of all limiting factors. Thus, actions that reduce or eliminate any of
these limiting factors will increase salmonid production. Nevertheless, efforts should center on those

factors that are generally most limiting from year to year.

This list concentrates on factors pertaining to the lower American River as defined by Nimbus Dam
on the upstream end and the confluence of the American River with the Sacramento River on the
downstream end. Obviously, a major factor limiting production of salmon and steelhead in the
American River is the presence of Nimbus and Folsom dams, which have eliminated access for
salmonids to their historical spawning and rearing areas above Nimbus Dam. Because removal of
these dams or facilitation of movement of salmonids past Nimbus Dam and especially Folsom Dam
seems impractical, this list is limited to those factors potentially limiting populations of salmon and
steelhead in the American River below Nimbus Dam.

The limiting factors addressed in this section of the report are organized under major section headings
taken from the original matrix of limiting factors developed by the Lower Sacramento River and Delta
Tributaries Chinook Salmon and Steelhead Technical Team.

Table 3-Xc-8. Limiting factors for chinook salmon and steelhead production
in the lower American River and potential solutions.

Potential solutions
- - —— e e ———————

Limiting factors

1. Modify existing instream flow requirements

Inadequate instream flows

2. Develop water allocation guidelines

3. Evaluate pulse flows for facilitating juvenile
outmigration in dry years

4. Reduce and control flow ramping rates

Unsuitable water temperatures Reconfigure water release shutters at Folsom Dam
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Limiting factors Potential solutions

Inadequate spawning substrate Implement a spawning gravel management program

Water diversion operations 1. Evaluate the effectiveness of the fish screen at the
Fairbairn Water Treatment Plant and improve if

necessary

. Evaluate the efficacy and modify the timing and
rate of water diverted annually, if appropriate

Bank and streambank 1. Implement a riparian corridor management plan

modifications

2. Terminate current programs that remove woody
cover from the stream channel

Overharvest of adult brood stock 1. Further limit sport and commercial harvests of
naturally produced fish

2. Increase DFG enforcement efforts to stop
poaching during the spawning seasons

Hatchery practices 1. Reduce reliance on stocking programs for meeting
angler demands

2. Use all available spawning stock, not just those
fish over a minimum length or arriving at a given
time (to increase genetic diversity)

3. Discontinue stocking fish produced from adults
taken from other rivers if those fish are genetically

distinct from the native stock "

The degree to which these and other factors may have limited production in the lower American River
is unclear and is therefore subject to further study. Information is currently being complied to more
completely assess this issue and to estimate current and past salmon and steelhead run sizes annually
entering the lower American River,

Because of the interrelatedness among the various limiting factors, assigning a rank of relative
importance to each factor is difficult. Furthermore, relative importance among limiting factors varnes
across years. Nevertheless, with adequate historical data, conditions in the lower American River,



SECTIONX. REPORTS FROM THE TECHNICAL TEAMS -
. CHINGOE SALMON AND STEELHEAD 3-Xc-39

Sacramento River, and Delta could be related to annual spawning run sizes and numbers of juvenile
outmigrants using multiple regression procedures, Such a statistical approach would allow limiting
factors to be ranked in terms of their relative impacts on spawning run size and numbers of juvenile
outmigrations passing defined points in the lower American River. This approach would also shed
light on the relative importance of in-river versus down-river conditions as they pertain to salmonid
production in the lower American River.

Several potential limiting factors were not addressed by restoration actions. These factors were not
considered to be key factors currently limiting the production of salmonids in the lower American
River. Nevertheless, they are briefly discussed below.

Migration barriers - Nimbus Dam, located about 23 miles upstream of the confluence,
is the upstream terminus of anadromous fish migration in the lower Amenican River. Approximately
73% of salmon and 100% of steelhead in the American River historically spawned upstream of
Nimbus Dam (Hallock 1987). No significant migration barriers exist in the lower American River
between Nimbus Dam and the confluence. Nimbus Hatchery weir prevents upstream migration and
diverts spawners to the hatchery egg-take facility.

As no significant migration barriers exist on the lower American River, no action options are needed.
Relative to the Nimbus Hatchery, however, one might suggest that time periods that the weir is in
place be managed to balance benefits to the hatchery and natural production

Water quality - The major water quality parameter known to be adversely affecting
salmonid production in the lower American River is water temperature (see Actions 1 and 5).

Urban runaff - Urban development within the lower American River watershed
contributes substantial urban runoff. Inadequate treatment of runoff results in contaminants reaching
the American River. The extent to which urban runoff affects salmonid produetion is not currently
known and therefore warrants additional study and monitoring.

(Mther point sources - Various industries along the American River, such as
Aerojet and others, may be introducing contaminants into the river. Aerojet does not appear to be
an issue at this time, however, it has the potential to contaminate groundwater, and thus both
groundwater and surface water quality monitoring programs for the lower American River basin are

needed.

Options to imprave water guality - Improvements in the capture and treatment of
urban runoff would undoubtedly improve water quality in the river. Public education to reduce the
amount of contaminants introduced into urban drainage system would also benefit water quality.
Water quality monitoring programs are necessary for identifying water quality problems when they
arise, determining their source(s), and identifying corrective actions.
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Predation/competition - Important predators of juvenile salmonids, including
squawfish and striped bass, are common in the lower American River. Predation by these species 1§
generally considered to be serious near instream obstructions and diversions where unusual flow
patterns disorient or concentrate smolts. Because of the general absence of these conditions in the
river, it is believed that although predation losses of juvenile salmonids from piscivores are probably
lower in the American River than in many other rivers, it should still be considered a limiting factor.

Squawfish and other piscivores - Squawfish and various centrarchids are
believed to be responsible for most piscivorous predation on outmigrating salmonids in the lower
American River. Squawfish are present in the river year-round and are known 10 prey heavily on
salmon and steelhead here and elsewhere in Central Valley streams. Juvenile salmonids isolated by
reduced flows in side channels and backwater areas that support higher densities of squawfish and
centrarchids often experience high predation losses.

Striped bass - Striped bass are known to prey on juvenile salmon and steelhead
in the lower American River. A year-round sport fishery exists for striped bass, suggesting
adult-sized striped bass are in the river year-round. Juvenile striped bass are also common in the
lower sections of the river and may compete with juvenile salmon and steelhead. Lack of vegetative
and woody cover, especially in the lower sections of the river, limits salmon and steelhead refuge
from predators.

Haichery fish - Hatchery fish, when released into the river, may prey on or
compete with naturally produced fish.

Avian predators - Mergansers, egrets, herons, kingfishers, terns, and other
fish-eating birds are common on the lower American River. Mergansers are particularly common
during the early spring when salmon fry are most abundant. Fluctuating flows during spring may
contribute to increased predation on juvenile salmonids. Fish temporarily stranded by reduced flows
in pools and ponds along the river channel (a circumstance not necessarily lethal) have been observed
to be the focus of heron and other avian predators.

Options for reducing juvenile salmonid losses from predation/competition -
Restoration of instream vegetative and woody cover may partially alleviate fish and avian predation
problems. Higher flows and cooler water would also favor salmon and steelhead over striped bass
and other warmwater species that often prey on juvenile salmonids (e.g., various centrarchids).
Continuing the policy of not releasing hatchery-produced fish to river (but rather downstream) would
be effective in reducing predation on naturally produced salmonids by hatchery fish. However, this
practice exacerbates the straying problem. Hence, simply decreasing reliance on hatchery-produced
fish is the best policy for restoring native stocks. To effectively do so, we must act on the other
limiting factors discussed in this paper.

Restoration actions -

Action 1: Maintain flows recommended in Table 3-Xc-9.
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Objective: Optimize conditions in the lower American River for all salmonid life stages.
Location: Throughout the lower American River.

Narrative description: In 1972, the Environmental Defense Fund (EDF) filed suit against the East
Bay Municipal Utility District (EBMUD) challenging the proposed diversion of water from Nimbus
Dam through the Folsom South Canal, bypassing the lower American River. A 1990 court decision
resulting from this case (known as the Hodge decision) ordered the following flows for the protection
of salmonid resources in the lower American River: 2,000 cfs between October 15 and February 28;
3,000 cfs between March 1 and June 30; and 1,750 cfs between July 1 and October 14. These flows
were established after extensive review of available scientific data concerning the relationship between
lower American River flows and salmonid production.

It should be noted that Hodge decision flows were selected to protect aquatic public trust resources
in the lower American River, not to double production of anadromous fish in the river. Hence, use
of Hodge decision flows will not necessarily facilitate doubling production. Additional information
addressing optimal instream flows for salmonid spawning and incubation, rearing, outmigration, and
temperature control has been developed subsequent to the Hodge decision. Much of this information
has been developed as part of the retained jurisdiction associated with the EDF et al. vs. EBMUD
litigation, and was used to develop the instream flow recommendations for the lower American River
that appear below.

Adult migration: Instream flows in the lower American River are typically not limiting to
upstream passage. However, in recent years it has been observed that relatively high flow releases
during the summer months have attracted adult chinook salmon upstream as far as the basin below
Nimbus Dam. The origin of these fish is uncertain, although it is speculated that their origin may be
from the Feather River or Coleman National Fish Hatchery. Conversely, the tvpical pattern of flow
reduction to about 1,500 cfs during late September through October or November has occurred
concurrently with elevated water temperatures released from Nimbus Dam. These elevated
temperatures may cause prespawning mortality, reduce embryo viability, and/or delay timing of
spawning. Thus, instream flows may adversely affect adult upstream migration primarily through
elevated water temperatures,

Spawning habitat: Chinook salmon spawning is concentrated in several well-documented
areas in the river between RMs 14 and 22 (Snider et al. 1993). During low flow conditions, the areal
extent of available spawning habitat is further restricted. Recent redd surveys conducted by DFG
have shown that the incidence of redd superimposition increases at lower flow levels (e.g., 42% in
1992 vs. 8% in 1991) (Snider et al. 1993).

Redd dewatering: Flow releases from Folsom and Nimbus dams are made to augment
Sacramento River flows to: 1) meet Delta water quality standards, 2) generate hydroelectric power,
3) make deliveries to downstream users, and 4) provide fish protection. These demands result in
considerable flow fluctuations in the river. DFG aenal redd surveys conducted for 1991-1993 (Snider
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and McEwan 1992, Snider et al. 1993, Snider and Vyverberg 1995) have provided evidence that
chinook salmon redds are dewatered as a result of flow reductions during the fall and winter months.
The potential for significant losses is greatest in years when flows are low and redds are concentrated.

Redd or fry stranding: Fluctuating flows are believed to result in considerable stranding and
loss of chinook salmon and steelhead fry. Observations of stranded fish have been recorded in the
river. For example, on May 31, 1990, a reduction of flow in the Amernican River resulted in the
stranding of several thousand juvenile chinook salmon and steelhead in the vicinity of Fair Oaks below
Nimbus Dam. Mortality of young salmonids that become stranded outside of the main channel as a
result of rapid instream flow reductions is near 100%. Sources of mortality in such cases include
predation by fish and avian predators, as well as death resulting from thermal stress.

Rearing habitat: Low flows reduce the availability of appropriate rearing habitat. In addition,
rapid ramping rates may affect diversity, productivity, and availability of insects (an important food
source for salmon and steelhead) in the lower American River. The flows (high and low) at which
the availability of rearing habitat for juvenile salmonids becomes limiting, from the standpoint of
physical space or suitable depth and velocity distributions, is not well documented. At low-flow
levels, however, these considerations are probably overridden by water temperature issues.

Juvenile outmigration: Inadequate flows during April through June decrease the success of
juvenile salmon and steelhead outmigrations. When flows drop below 1,500 cfs, extensive juvenile
isolation and stranding occurs (Bill Snider, DFG, pers. comm. 1994).

Table 3-Xc-9. Instream flow regimes’ recommended to facilitate doubling
of chinook salmon and steelhead production in the lower
American River” under four year types*

Flow (cfs) for each of four year types

Dry/ Critical
Month Normal critical® relaxation®

October 2,000 1,750 800
November-February 2,000 1,750 1,200
March-May 3.000 2,000 1,500
June 3,000 2,000 500
July 2,500 1,500 500
August 2,000 1,000
September 1,500 500
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*  These flow regimes were developed in consideration of water availability (i.e., unimpaired runoff
at Fair Oaks) associated with each of the hydrologic conditions (wet, normal, dry/critical, critical
relaxation). One objective associated with these flow regimes is that Folsom Reservoir achieves
a target storage of about 610 taf by September 30 to provide a sufficient volume of water (and
coldwater pool) to maintain spawning and incubation (fall and winter) flows; however, hydrologic
modeling was not conducted as part of this review. These flow recommendations likely will be
modified based on additional hydrologic evaluations. In addition, these flow regimes likely will
be modified based on the results of monitoring programs intended to evaluate the effectiveness of
these flows, as well as additional restoration actions.

b 1ower American River flows (cfs) measured at the H Street Bridge.

© These flow regimes should be viewed as "minimum" flows under each hydrologic condition.
Therefore, it is important to note that higher flows are likely to occur during a given month
depending on precipitation and runoff patterns, particularly during the "wetter" hydrologic
conditions.

¢ The dry/critical flow regime can accommedate a relatively wide range of hydrologic conditions,
including all but the most severe drought conditions.

© The "critical relaxation" flow regime is intended for application to hydrologic conditions
characterized by the most severe drought years.

Options for improving instream flows (instream flow recommendations) -

Wet year type: Even in a wet year, the amount of water that can be released from Folsom
Reservoir during the chinook salmon spawning and incubation period (October through February)
is limited by the storage in the reservoir on October 1. The 2,500-cfs flow recommendation for
October through February in a wet year approaches the maximum release rate that can be sustained
throughout this and subsequent months. Releases during this fall period are conducted prior to
knowledge of the water-year type that is being entered in the following year Thus, excessive
drawdown resulting from fall releases in excess of 2,500 cfs are not recommended, because this may
create severe water availability problems. Because the reservoir will be filling throughout the late fall
and winter months, flows may be increased to 4,500 cfs from March through June to provide: 1)
appropriate juvenile rearing habitat availability and outmigration flows and 2) temperature control
during May and June (i.e., maintain mean monthly river temperatures below 65°F at H Street). Flows
are reduced to 2,500 cfs during July through September to provide some thermal protection (i.e.,
maintain mean monthly river temperatures at or below 70°F) for resident steelhead juveniles, while
remaining within a realistic water budget for the year.

Normal: A flow rate of 2,000 cfs is recommended for October through February in a normal
water-year type (Table 3-Xc-9). This flow is believed to provide appropriate spawnimg conditions
for fall-run chinook salmon and steelhead in the lower American River during a normal water year.
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Flow rates are increased to 3,000 cfs for March through June to provide 1) appropnate juvenile
rearing habitat availability and outmigration flows and 2) temperature control during May and June
(i.e., below 65°F). Flow recommendations of 2,500, 2,000, and 1,500 cfs for July, August, and
September, respectively, are to provide some thermal protection (i.e., maintain mean monthly river
temperatures at or below 70°F) for resident juvenile steelhead while not exceeding projected water
availability for this water year type. Lesser flows during July and August (e.g., 1,000 cfs) produce
mean monthly temperatures near or exceeding 72°F. Chronic exposure of juvenile steelhead to such
temperatures would likely result in high mortality during these months. These summer flow
recommendations are intended to reduce such losses.

Dry/eritical: During a dry/critical year type, prioritization should be given to producing a
good spawn, and facilitating successful juvenile outmigration. The recommended flow rate of 1,750
cfs for October through February is believed to provide reasonable spawning/incubation flows under
the dry/critical regime. Flows are recommended to be increased to 2,000 cfs for March through June
to provide adequate rearing habitat and outmigration flows. Temperatures will often exceed 65°F,
particularly during June, at this flow rate. Because July is the month of greatest concern for river
water temperatures, 1,500 cfs is recommended for July to provide minimal temperature protection
for resident juvenile steelhead. The mean monthly temperature achieved in July at 1,500 cfs (about
71-71.5°F) can be achieved in August at the lower flow rate of 1,000 cfs, Finally, temperature
control is of much lesser concern during September, so flows may be dropped to 500 cfs. Doing so
aids in achieving adequate carryover for the upcoming fall spawning season.

Critical relaxation’ In such water year types, insufficient water exists within the system to
meet even minimal requirements of fish throughout the year. Thus, substantial trade-off decisions
must be made. A flow rate of 800 cfs is recommended for October to save water for subsequent
spawning months. A flow rate of 1,200 cfs is recommended for November through February to
achieve reduced, but successful spawning. The recommended flow rate is increased to 1,500 cfs for
March through May to facilitate successful rearing and outmigration for a substantial portion of the
juveniles produced. Because little water remains available by this point in the year, flow rates are
dropped to 500 cfs in June, out of necessity, and remain there through September.

To achieve the recommended seasonal instream flows discussed above, operations of Folsom
Reservoir will require modification. Clearly, annual management for appropriate instream flows must
be flexible, because the amount of water available to meet target flows will vary with water year type.
During wet years, instream flows likely will exceed Hodge decision flows and facilitate natural
channel maintenance, reduce the likelihood of spawning gravel becoming embedded, and provide
optimal flows for fish. Redistributing the timing of flows will also be important to meeting fish flow
needs. For example, in 1988 to 1992, the highest measured streamflow occurred during months of
the year with the lowest estimated fish flow needs. Finally, additional attention must be given to
storage carryover in Folsom Reservoir. Extensive drawdown of the reservoir from various water uses
(including Delta water quality flows) can lead to insufficient water supplies for meeting in-river fall-
run chinook salmon spawning needs, particularly during October.
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Related actions that may impede or augment the action; Water allocation guidelines

developed as a result of Action 2 may affect possible flow levels, especially in dry and critical
relaxation water years as proposed in Table 3-Xc-9. In fact, regional water planning efforts are
underway that build on the regimes presented in Table 3-Xc-9 via a more thorough hydrologic
evaluation, because flows presented in Table 3-Xc-9 may not be consistently achievable or
sustainable. These ongoing efforts are focusing on alternative assessments of water availability (i.e.,
storage in Folsom Reservoir) and subsequent allocation of available water to provide maximum
instream beneficial use. It is presently assumed that resultant flow regimes will be dynamic and
responsive to water availability on an annual basis.

Agency and organization roles and responsibilities: USBR is responsible for managing

Folsom Dam and Reservoir.

Potential obstacles to implementation. The various water-user groups will likely have a
difficult time agreeing to recommended flows that will alter present or future operations.

Predicted benefits: Although quantitative estimates of increased production resulting from
incremental increases in flows are unavailable, the recommended instream flows will significantly
contribute to the goal of doubling salmon and steelhead production in the lower American River.

Action 2: Develop water allocation guidelines,

Objective; Provide, through planning, a reasonable way to allocate limited water resources among
beneficial uses, including maintenance of aquatic resources (fish and aquatic habitat).

Location: The American River watershed (within the context of inflow to Folsom Reservoir), Folsom
Reservoir, and throughout the lower American River.

Narrative description. There is a pressing need to develop a resource management plan that
maximizes the public trust resources of the lower American River. Setting minimum flow
requirements as shown above (Table 3-Xc-9) is productive in satisfying fish needs. However, history
shows that target fish flows are often violated when water within the system becomes insufficient to
meet them. The reason this occurs so frequently is that clear guidelines for where water allocation
cuts will be made when water becomes limited have not been established to date for the Amernican
River system.

The focus of studies on the lower American River must be redirected toward establishing a resource
management plan that will provide specific guidance on how best to manage the water supply from
the American River from year to year and month to month. Thus, initial operational studies are
needed to determine: 1) the frequency that Hodge decision flows can be maintained with existing
CVP operational constraints and 2) the optimum flow regimes for those years when insufficient water
is available to fully meet Hodge decision or other recommended flows for fisheries. These studies
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will also be used to evaluate CVP constraints (physical, institutional, or legal) that reduce the CYP's
ability to optimize flow and temperature conditions for the fisheries. Each identified institutional or
legal constraint could then be evaluated to determine the benefit on flows and temperatures of
removing that constraint. The impact, if any, of removing each constraint on other CVP project
purposes could also be determined. The goal of this effort would be to identify operations of Folsom
Dam and Reservoir and the impacts of the operations that would optimize flow and temperature
conditions for the lower American River fisheries, within the context of other environmental
operation constraints on the CVP.

Operation studies could also serve to identify biological data needed to validate or refine existing
management approaches. Thus, the operations studies could be used to determine which biological
data are necessary to make management decisions and to monitor the results of management actions.

Such a study program could develop balances between the many competing public trust resource
needs. An initial protocol that manages given water supplies could result from the development of
this lower American River operations and fisheries plan. The information obtained from this effort
could improve the ability to make rational decisions regarding the best management of water during
times when water availability is not sufficient to serve all purposes.

Related actions that may impede or augment the action: See this section for Action 1.

Agency and organization roles and responsibilities: USBR, DFG, USFWS. and other water-
user groups will need to develop together any water allocation guidelines.

Potential obstacles to implementation: The various water-user groups will likely have a
difficult time agreeing on what constraints, if any, should be eliminated.

Predicted benefits: Although quantitative estimates of increased production resulting from
incremental increases in flows are not presently available, the instream flows recommended above
(Table 3-Xc-9) and the establishment of fish needs as a priority in an overall resource management
plan for the river will significantly contribute to the goal of doubling salmon and steelhead production
in the lower American River,

Action 3: Evaluate the effectiveness of pulse flows for facilitating successful juvenile salmonid
outmigration.

Objective; Optimize outmigration success when water is in short supply (e.g., dry and critically dry
years).

Location: Throughout the lower American River.

Narrative description: The use of pulse flows should be evaluated as an approach to promote
outmigration. Studies are needed for determining how to maximize juvenile outmigration success
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when water supplies are limited in drier years and thus instream flows are reduced during the
outmigration period (April-June). The faster juveniles can emigrate (within physiological constraints
of the smoltification process), the greater their probability of survival. Reduced time in the Lower
Amencan and Sacramento rivers during outmigration reduces the length of time juveniles are exposed
to instream predators and physiclogically stressful water temperatures. The chances of mortality due
to stranding would be reduced when flows are high. However, this may be negated by increased
stranding when flows are reduced at the end of each pulse. Anecdotal evidence suggests that
increased turbidity may facilitate outmigration of salmonid smolts. Turbidity could be increased
artificially, although the injection of clays and other fine materials may adversely affect streambed
conditions via sedimentation.

Related actions that may impede or augment the action: Flow reduction/ramping criteria
recommended through Action 4 along with flows from Action 1 may make pulses difficult to

implement.

Agency and organization roles and responsibilities. USBR would be responsible for

controlling flow levels, while DFG and USFWS would take on monitoring and assessment roles.

Potential obstacles to implementation: Various water users may argue as to the benefits of
pulse flows to salmonid populations.

Predicted benefits: Such studies will provide a basis for facilitating juvenile outmigration when water
within the system is limited. Rapid cutmigration associated with a pulse flow will likely increase
juvenile survival rates and thus overall production.

Action 4: Reduce and control instream flow ramping rates and flow fluctuations.
Objective: Reduce hazards posed to voung salmonids when flow rates change quickly.
Location: Nimbus Dam

Narrative description: Ramping rates of flows across time must be addressed. Stabilization of
instream flows to prevent rapid flow rate reductions (i.e., rapid ramping rates) from October through
April would reduce the likelihood of stranding redds and fry. Similarly, prevention of rapid flow
increases during this period would reduce the frequency of fry displacement. Finally, rapid ramping
rates may be associated with gas supersaturation problems that occasionally occur below Folsom
Dam. McEwan and Nelson (1991) recommended that USBR adjust overall CVP operations and
procedures so that ramping problems can be eliminated, without sacrificing Delta water quality or
habitat conditions in the upper Sacramento River for winter-run chinook salmon.

Operations at Folsom Dam relating to the release of water downstream should be modified so that
adjustments made to instream rates are more gradual than they are currently. Ramping rates should
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not exceed 30% of an existing initial flow during any 24-hour period. If flow rates become
significantly elevated above target levels for a week or more during the spawning period, flows should
be maintained at or near this new level through February to prevent redd dewatering and fry
stranding.

Related actions that may impede or augment the action: None.

: - USBR would be responsible for flow
release levels, while DFG and/or USFWS would monitor and assess the effects on redd de-watering
and juvenile stranding.

Potential obstacles to implementation: USBR may resist implementing ramping restrictions
due to their possible effects on flood control and hydroelectric generation operations.

Predicted benefits: Establishment of more gradual ramping rates, particularly in spring and fall, will
reduce losses of eggs and young salmonids and contribute to increased production. The exact
contribution of this action to increased salmonid production can not be calculated at this time.

Action 5: Reconfigure Folsom Dam (penstock inlet ports) shutters.

Objective: Enhance control over temperature of water released downstream and management of
Folsom Reservoir's coldwater pool.

Location;: Folsom Dam and Reservoir.

Narrative description: The primary purpose of reconfi guring shutters on Folsom Dam is to provide
increased ability to control the temperature of water in the lower American River. Water temperature
in the American River is important to multiple life stages of salmonids.

Adult migration: Lower American River water temperatures in late summer and early fall
(sometimes extending well into October) are often above 15°C (59°F). Optimum temperatures for
adult salmon and steelhead migration are believed to be about 6.5-13°C (44-56°F) and 8-11 °C (46-
52°F), respectively (Beak 1989). Water temperatures above 15°C (59°F) will likely delay adult
spawning migrations and thus may impede reproductive success. Exposure of pre-spawning adult
salmonids to water temperatures above 15°C (59°F) can result in reduced gamete production,
infertility, and increased embryonic developmental abnormalities.

Spawning: Spawning chinook salmon and steelhead begin to experience chronic stress at
water temperatures of 13-16°C (56-61°F) and 11-15°C (52-59°F), respectively (Beak 1989).
Salmonids often delay spawning when water temperatures reach the upper end of this range (see
"Adult Migration" subsection above). Redds do not appear in the lower American River until water
temperatures drop to approximately 15.5°C (60°F) (Snider et al. 1993). However, if spawning does
occur at temperatures >15°C, impaired egg maturation and decreased performance and survival of
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progeny results. In addition, high water temperatures may alter behavior of spawning salmonids,
resulting in reduced egg fertilization success and reduced egg survival. It is difficult to separate
effects of exposing pre-spawning and spawning adults to high temperatures because the two almost
always co-occur. Under such conditions, adult fish may spawn predominately in upper portions of
the river to avoid warmer temperatures downstream, possibly increasing superimposition of redds.

Incubation: Constant exposure of salmonid eggs to temperatures above 13°C (56°F) will
result in some egg mortality, while incubation at water temperatures above 17°C (62°F) is believed
to result in complete egg mortality. Temperatures above 13°C can occur when eggs and larvae are
incubating in the lower American River. This problem is most likely to occur for chinook salmon in
October and early November.

Reanng: Optimum instream temperatures for rearing of young chinook salmon and steelhead
are 11.5-13°C (53-56°F) and 13-15.5°C (55-60°F), respectively (Beak 1989). Juvenile salmon and
steelhead in the lower American River can be exposed to temperatures greater than 14°C as early as
March and to temperatures greater than 20°C during May. Surveys (seine and snorkel) conducted
over the past several years have indicated that juvenile salmon and steelhead congregate in upstream
reaches of the river as temperatures in the lower river warm. In addition to direct thermal stress,
elevated rearing temperatures result in multiple indirect effects, including increased risk of predation,
decreased growth rates, starvation, and susceptibility to disease, all of which contribute to reduced
juvenile survival. Thermal stress to juvenile salmonids (primarily steelhead) is a particular problem
during July through October, when water temperatures at the Nimbus Hatchery are generally greater
than 18.3°C (65°F). In fact, lower American River water temperatures are commonly 65-75°F from
July through October and are thus not conducive to high juvenile steelhead survival. Steelhead would
not survive such extended warmwater periods in many years and often move prematurely out of the
American River in search of cooler water (McEwan and Nelson 1991). High water temperatures
during June through October have severely limited natural steelhead production in the lower
Amernican River.

Juvenile outmigration: Juvenile outmigration for both species primarily occurs from March
through June. Optimal instream temperatures for outmigrating juvenile chinook salmon and steelhead
are about 8-13°C (46-56°F) and 7-11°C (44-52°F), respectively (Beak 1989). Stressfully high water
temperatures (i.e., >15.5°C [60°F]) frequently occur in June in the lower American River and may
also occur in April and May, depending on instream flows and ambient air temperatures. Warm
downstream temperatures may cause juveniles to extend their residence in upstream areas (as
evidenced by DFG and USFWS surveys). In addition to direct thermal stress, elevated outmigration
temperatures result in multiple indirect effects, including increased risk of predation, decreased
growth rates, starvation, and susceptibility to disease, all of which contribute to reduced juvenile
survival,

Opiions for improving water temperaiures: The most promising near-term option for
improving water temperatures in the lower American River is directed toward adult chinook salmon
spawning. The pending reoperation of Folsom Reservoir will likely facilitate the preservation of a
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larger coldwater pool throughout summer so that it may be relied on to meet target chinook salmon
adult upstream migration and spawning temperatures of <13°C (56°F) in the river during part of
October and all of November.

Folsom Dam currently has nine water release shutters that are arranged in what is referred to as a "1-
1-7" configuration. This means that the top shutter can be opened independently of the others, as can
the second shutter. The bottom seven shutters, however, must be opened as one umt. With such a
shutter configuration, the coldwater pool can be rapidly depleted when the bottom seven shutters
must be opened to release water from the reservoir. This currently occurs whenever the reservoir
elevation drops below 402 feet. Hence, in low water years, loss of the coldwater pool has been a
concern for chinock salmon spawmning during October and November.

Beak Consultants (unpublished) modeled temperatures of reservoir release waters and has predicted
daily temperatures to assess the temperature control benefits of three alternative shutter
configurations (2-1-6, 2-2-5, 3-2-4, 3-3-3, 2-3-4, 4-2-3. and 3-4-2). Shutter configurations were
evaluated using the Corps' lake/reservoir temperature model CE-THERM-R1. Shutter configurations
were evaluated by specifying a downstream temperature objective and allowing reservoir withdrawals
at levels determined by the model that would best meet the downstream objective. Average daily
outflow temperatures for October and November were the primary products of these simulations.

Modeling results indicated that the 3-2-4 configuration would provide the greatest temperature
control benefit and therefore the configuration will be physically constructed in 1995. The 3-2-4
configuration under reservoir reoperation will significantly increase control over the temperature of
water released throughout the year, thereby providing additional control over the rate of coldwater
pool depletion. Water temperature simulations indicated that by reoperating the reservoir with a 3-2-
4 shutter configuration, waters released into the lower American River during October would be 1-
9°F colder than the temperature attained under current protocol and shutter configuration (1-1 -7).
Similar but smaller reductions in water temperaturc would typically occur throughout November as
well Current reservoir operations produce fall water temperatures in the lower American River that
exceed the preferred thermal threshold of S6°F for successful chinook salmon spawning and
incubation greater than 91% and 41% of the time in October and November, respectively (Beak
Consultants unpublished data). Thus, any decrease in river water temperature during these critical
spawning months would be significantly beneficial. A decrease in fall river water temperature of 5°F
or more (as indicated by simulation model output) could mean the difference between successful and
unsuccessful spawning for a large portion of the chinook salmon population in such years.

The multitude of uses of Folsom Reservoir waters must be reevaluated within the context of reservoir
operations so that adequate coldwater storage exists 10 meet these and other target water
temperatures throughout the year Temperatures should be maintained at or below 13°C (56°F) from
November through February to provide adequate incubation temperatures for both salmon and
steelhead and should not exceed 15.5°C (60°F) for March through June to provide adequate rearing
and outmigration temperatures. Increasing flow rates may increase the length of river thermally
suitable for rearing, as well as making the early summer months more suitable for rearing,
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Related actions that may impede or augment the action: Increased flow rates described in
Action 1 will contribute to temperature control. Conversely, flow rates described in Action 1 may
be modified to provide the greatest possible benefits 1o anadromous fish after the shutters are
reconfigured (see this section for Action 1).

Agency and organization roles and responsibilities: The Corps and USBR would be

responsible for Folsom Dam facility modifications and operations. DFG and/or USFWS would
monitor and assess water temperatures and their effects on salmonid survival rates.

1al obstacles to impl tation; Alterations to Folsom Dam shutters may be costly and

construction difficult.

Predicted benefits: Lack of suitable spawning temperatures currently limits chinook salmon
production in the lower American River. Maintaining appropriate river temperatures will increase
annual salmonid production by increasing early fall reproductive and incubation success. Although
quantitative estimates of increased production resulting from incremental changes in river
temperatures are not presently available, much i1s known about how water temperatures affect
salmonid survival rates during each life stage (e.g., USFWS 1990). Such information clearly shows
that lower American River water temperatures are generally higher than optimal for steelhead and
chinook salmon, and thus every effort should be made to maintain lower river temperatures
throughout the early spawning and entire rearing and outmigration periods of the year.

Enhanced control over the depth of water discharge from Folsom Reservoir would also translate into
an increased ability to manage the coldwater pool throughout summer. A larger coldwater pool in
fall could then be heavily relied on to meet target spawning temperatures in October and November
for fall-run chinook salmon. Of all limiting factors and potential corrective actions, maintaining
suitable river temperatures and instream flows will probably do more for increasing salmonid pro-
duction within the lower Amenican River than all other actions combined.

Action 6: Replenish and/or restore spawning gravel in existing spawning grounds
Objective: Enhancement of spawning habitat.
Location: Selected areas between RMs 14 and 22.

Narrative description: Several charactenistics of spawning gravel may limit production of salmonids
spawning in the lower American River. These characteristics are described below.

Gravel size: Observations of lower American River spawning gravel suggest that substrate
particle sizes are relatively large by comparison to those typically used by chinook salmon and
steelhead in other streams. This condition is related to the lack of recruitment of smaller-sized gravel
from areas upstream of Nimbus and Folsom dams. The low availability of suitable-sized spawning
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gravel may, in part, limit spawning success of salmon and, to a greater degree, steelhead (Snider pers.
comm.).

Armoring: Areas of substrate in the upper reaches of the lower American River have become
armored. Fine gravel has been washed away during high flow events, leaving mostly large cobble
type substrates. Little gravel recruitment occurs to replenish smaller gravels. Armoring may, in part,
limit spawning success of salmon and, to a greater degree, steelhead (Snider pers. comm.).

Embeddedness: Some potential spawning grounds within the lower American River have
become embedded with fines, thereby removing these areas from the total acreage of suitable
spawning habitat. However, this is believed to be of lesser concern than the armoring of spawning

beds (Snider pers. comm.).

Gravel recruitment: Folsom and Nimbus dams prevent recruitment of gravel from upstream
areas. Even if spawning gravel is not a key limiting factor today, it may become one if production
increases and gravel naturally moves downstream without replacement.

Options for improving the quality of spawning gravel. Survey salmonid spawning
habitat between RMs 14 and 22 (where nearly all current salmonid spawning occurs) (Snider and
McEwan 1992, Snider et al. 1993, Snider and Vyverberg 1995), and identify those areas where gravel
of appropriate size is lacking. Physically add gravel measuring approximately 0.6-2.4 inches in
diameter to these areas to enhance spawning conditions for salmon and steelhead. Develop and
implement a continuing program for restoring and replenishing, as needed, spawning gravel of the
appropriate size, and/or develop a program to mechanically loosen and clean existing streambed
areas, particularly in areas where subsurface flow is less than optimal. For example, a prototype
gravel cleaning machine is being tested on the Tuolumne River by EA Engineering, and a gravel
cleaning machine has been used on the single/dual purpose channels at REDD.

Related actions that may impede or augment the action: None.

Agency and organization roles and responsibilities: DFG would identify sites where gravel
is to be added or cleaned and implement this action.

Potential obstacles to implementation: Cost and logistics of gravel addition need to be
determined.

Predicted benefits: This action is a simple way to increase the reproductive success of lower
American River salmonids. Owverall production would be increased significantly through: 1)
increasing the availability of high-quality spawning substrate, 2) decreasing the frequency and
magnitude of redd superimposition, 3) increasing the percent hatchability of eggs, and 4) decreasing
mortality rates for yolk-sac fry.
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Action 7: Improve fish screen at the Fairbairn Water Treatment Plant,

Objective: Reduce loss of juvenile salmonids at the Fairbairn Water Treatment Plant.

Location: Fairbairn Water Treatment Plant.

Narrative description: The city of Sacramento's Fairbairn Water Treatment Plant, located about 7
miles upstream from the confluence, is the only large diversion (capacity of about 105 million gallons
per day) on the lower American River. This pumping facility is screened but does not meet DFG

screening criteria. Impingement, entrainment, and predation losses of salmonid fry may occur here
but have not been evaluated or documented.

The Fairbairn Water Treatment Plant screen should be modified, as necessary, to meet current DFG
salmonid screening criteria,

Related actions that may impede or augment the action: None.

Agency and organization roles and responsibilities: DFG would determine what screening
is necessary and would install the screen. The city of Sacramento would monitor and maintain the
screen.

otential acles to implementation: The city of Sacramento may object to any decrease
in the efficiency of operations due to the installation of a screen.

Predicted benefits: Increased juvenile salmonid survival and thus increased lower American River
salmonid production

Action 8: Modify the timing and rate of water diverted from the river annually.
QObjective: Reduce loss of juvenile salmonids at American River diversions.

Location: American River watershed.

Narrative description; Water diverted at Folsom-South Canal, at Fairbairn Water Treatment Plant,
and by other diverters on the lower American River reduces flow within the river. In addition, water
diverted upstream of Folsom Dam reduces water flowing into the reservoir, thereby reducing water
available to be released downstream into the lower river. The city of Sacramento's diversion currently
withdraws a maximum of about 140 cfs. In all but extremely low-flow years, the reduction in flow
downstream of this facility probably does not significantly affect habitat availability or river water
temperatures. Nevertheless, the total of all diversions clearly reduces instream flows within the river.
Lower flows allow more rapid warming of nver waters with increasing distance downstream, reduce
habitat availability, and may lead to stranding of young salmonids.
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By modifying the timing and duration of water diversions according to critical salmonid life stages,
adverse impacts on salmonid production can be minimized. Also, the volume of water diverted
should be minimized to maintain the greatest instream flows possible, particularly during dry and
critically dry years. Additional limitations on the volume and timing of water diverted may need to
be imposed on water users.

Related actions that may impede or augment the action: None.
Agency and organization roles and responsibilities: The City of Sacramento would identify

any opportunities to change the timing and magnitude of water diversions.

Potential obstacles to implementation: Such alterations to existing water diversion schedules
may not be practical.

Predicted benefits: Increased juvenile salmonid survival and thus increased lower American River
salmonid production.

Action 9: Develop a riparian corridor management plan.
Objective: Improve riparian habitat and instream cover.
Location: Lower American River, particularly downstream from Howe Avenue.

Narrative description: Riparian habitat along the lower American River is in relatively good condition
from Nimbus Dam downstream to Howe Avenue. Downstream from Howe Avenue, however,
riveted banks become common and natural riparian cover becomes limited. Riparian vegetation is
important to the maintenance of anadromous salmonid populations by virtue of: 1) stabilization of
streambanks, thereby reducing sediment load in the river, 2) provision of shade, 3) enhancement of
stream nutrients due to decay of plant debris, 4) provision of streamside habitat for terrestrial and
aquatic insects that are preyed on by fish and 5) provision of instream cover.

Riprapping: Riprapping exists primarily where development restricts natural channel
migration and is particularly common on downstream sections (e.g., below Howe Avenue). For
example, streambanks are heavily riprapped from the Fairbairn Water Treatment Plant to Paradise
Beach. Because riprapping prohibits vegetation from colonizing river banks, it clearly reduces
shading of river waters and decreases insect production and availability to instream fishes.

Gravel recruitment: (See "Gravel recruitment” under the "Spawning Gravel" subsection
above).

A management plan would then be needed to determine best possible approaches to improve and
maintain the riparian habitat. Local conservation organizations should be contacted to determine their
interest in developing and implementing such a riparian enhancement and management plan. Private
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land owners should be given incentives to enhance riparian vegetation on their lands. Further
development and encroachment on the American River floodplain should be prohibited. Efforts
should be made to protect and enhance existing riparian vegetation along the lower American River.
As needed, purchase of stream bank conservation easements would facilitate widening and improving
the existing riparian corridor. No additional riverbanks should be riprapped, rather, natural riparian
vegetation should be established and managed to stabilize banks. Periodic high flows are necessary
for natural channel maintenance and thus should be allowed to occur annually in spring

Related action t impede or augment the action; None.

Apency and organization roles and responsibilities: DFG would likely take a lead role in
developing such a riparian corridor management plan for the lower American River,

Potential obstacles to implementation: Current ownership and use of the riparian corndor
as well as needs for immediate bank stabilization may be obstacles to this action.

Predicted benefits: Enhancement of riparian habitats will increase both terrestrial and aquatic insect
abundance and therefore their availability to juvenile salmonids. This increased prey base will likely
facilitate more rapid growth and earlier outmigration. Riparian cover will shade river waters, thereby
helping to maintain more suitable localized water temperatures and reducing thermal stress on
outmigrating juveniles.

Action 10: Terminate current programs that remove woody debris from the river channel.

Objective: Provide instream cover for juvenile salmonids.

Lacation: Lower American River, particularly below RM 14,

Narrative description. Habitat diversity in the lower American River is limited in downstream
sections (e.g., in the vicinity of the H Street or Fair Oaks Boulevard Bridge) and below. Most large
woody debris has been (and continues to be) removed from the river to eliminate hazards to
recreationists (especially swimmers and rafters). Lack of vegetative and woody cover reduces habitat
diversity, and is limiting to juvenile salmonid survival. Juvenile outmigrants and young steelhead
rearing in the river need instream cover to escape fish and avian predators, Lack of instream cover
is believed to be particularly limiting to juvenile steelhead survival in the lower American River
(Snider pers. comm.). Finally, in addition to protective cover, instream structure provides a substrate
for aquatic invertebrates to colonize, thereby increasing prey availability for juvenile salmonids.

Trees and logs could be added to selected rearing habitats on the river to enhance instream cover for
juvenile salmonids. In addition, the current practice of clearing trees and other objects from the niver
to eliminate hazards to recreationists should be terminated. This practice has clearly reduced instream
cover for juvenile salmon and steelhead.
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Related actions that may impede or augment the action: None.
Agen d ization roles and r ibilities: The agency now charged with removing

this woody debris would simply terminate this practice.

Potential obstacles to implementation: Instream woody debris providing cover for juvenile
salmonids may interfere with rafting activities.

Predicted benefits: Establishment and maintenance of instream woody cover will provide needed
cover for juvenile salmonids, resulting in increased survival from reduced predation losses. Such
instream cover will also provide a substrate for aquatic invertebrates to colonize, ultimately increasing
food availability for juvenile salmonids.

Action 11: Impose stricter harvest regulations on both sport and commercial harvesters.
Objective: Increase spawning escapement of naturally produced fish.

Location: Lower American River and Ocean.

Narrative description: Angling pressure in the lower American River is high. In the past 3 years,
estimates of between 28% and 52% of the chinook salmon returning to spawn in the American River

were harvested by anglers. In addition, angling pressure is typically heavy near redds, resulting in
redd trampling and reduced egg and fry survival.

Options for reducing angler impacts on salmonid production: Because angler harvest
of spawning adults is very high in the lower American River, angling/take restrictions may be
appropriate if production from this river is to be doubled, It currently remains unclear whether
increasing the spawning escapement will result in increased smolt production. As future studies
provide additional insight into this issue, decisions regarding further restrictions to in-river angling
harvest to increase spawning escapement can better be made. To prevent redd trampling, public
education and/or closing areas with high concentrations of redds to the public, for an appropnate
period of time, should be considered.

Oceanic harvests are greater than sport harvests and are not stock selective. Thus, reductions in
oceanic harvests will likely increase spawning escapement of most Central Valley streams.

Related actions that may iropede or augment the action: None,

Agency and organization roles and responsibilities: DFG and NMFS will likely be involved
in changes made to river and ocean harvest regulations.

Potential obstacles to implementation: It currently remains unclear whether increasing the
spawning escapement will result in increased smolt production.
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Predicted benefits: Reducing commercial harvest will likely translate effectively into increased lower
American River escapement. Increasing spawning escapement will provide the potential to increase
salmonid preduction within the river through increased fry production. Assuming fry and juvenile
mortality rates can be reduced via other actions, the increase in fry production due to increased
escapement will likely translate into an increase in overall salmonid production in the lower American
River.

Action 12: Conduct weekly on-river patrols in areas where poaching is a concern.
Objective; Increase spawning escapement.
Location: Lower American River.

Narrative description: Illegal harvest may be significant in the upper reaches of the river, just below
the dams. The take by poachers contributes to overall harvest of spawning adults and should
therefore be viewed as significant within this context.

DFG could establish a greater enforcement presence at areas along the lower American River where
poaching is a concern. Information on the status of the salmon migratory season could be used by
the wardens to optimize the time and manpower allocated to patrolling and the locations selected for
particular days or weeks. Preventing losses from poaching will ease the burden on restricting the
legal catch. Every effort available should be used to prevent poaching losses.

Related actions that may impede or augment the action: Changes in harvest regulations either

in the ocean or the rivers would likely augment this action.

Agency and organization roles and responsibilities: DFG wold take the lead role in this action.

Potential obstacles to implementation; Insufficient warden personnel may limit the feasibility
of this action.

Predicted benefits: Increasing spawning escapement will provide the potential to increase salmonid
production within the river through increased fry production. Assuming fry and juvenile mortality
rates can be reduced via other actions, the increase in fry production due to increased escapement will
likely translate into an increase in overall salmonid production,

Action 13: Change hatchery procedures to benefit native stocks.
Objective: Rebuild native stocks.

Location: Lower American River.
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Narrative description: Salmon and possibly steelhead runs on the lower American River were
probably eliminated and re-established (replaced) by introduction of non-native stocks during and
after construction of Folsom Dam. Potential for naturally spawning fish to adapt to local conditions
is hampered by continual infusion of hatchery stocks. Loss of genetic integrity and increased angling
and straying will all undoubtedly reduce a given fish stock's productivity. The reduced productivity
is then augmented by hatchery stocking, and this cycle of events repeats again and again. The more
the genetic integrity of native stocks is diluted, the more we will have to rely on hatchery
augmentation to meet target population sizes set largely by public angler demands. When large
numbers of hatchery fish are stocked and the proportion of the population made up of hatchery fish
increases, so too does the fishing pressure on the remaining wild fish. Adverse impacts on salmomid
populations due to straying generally increases as the percentage of the population composed of
stocked fish increases. The lower American River is believed to receive a large number of hatchery-
propagated strays from the Mokelumne and Feather rivers, as well as smaller contributions from other
rivers. The practice of releasing hatchery-produced fish downstream of their natal stream increases
straying. Straying has far reaching genetic effects and reduces the ability of constant fractional
marking approaches to identify hatchery contribution ta overall stocks.

Hatchery efforts focus on a subset of the total time that salmon and steelhead spawn in the American
River. Hatchery protocols may influence timing of natural runs through genetic and behavioral
interactions between naturally and hatchery-produced fish. Also, the tendency is for Folsom Dam
operations and structural changes to focus on improving production of hatchery fish. Prior to the
construction of Folsom and Nimbus dams, chinook salmon runs occurred in spring, not in fall. The
same may be true of steelhead.

Hatcheries create conditions for the proliferation of fish diseases. Examples include fungus (eggs),
columnaris, bacterial gill and kidney disease, and whirling disease. The Nimbus Hatchery has also
received fish from outside the American River, creating the potential for introduction of new diseases
to native stocks. Furthermore, these non-native hatchery-reared stocks are typically more prone to
mortality due to disease factors spetific to a river; thus, annual mortality rates of stocked fish are
generally higher than that of native fish.

Hatchery fish compete directly for food and cover with native stocks. Likewise, hatchery fish prey
on young of native stocks produced in the river. Considered together, these two factors add to the
already large pool of factors limiting the productivity and survival of native salmonid stocks.
Although hatchery stocking may increase the raw numbers of fish in the river, it is counter-productive
to the recovery of native stocks.

Options for rebuilding an American River stock: Reliance on Nimbus Hatchery
production and stocking can best be reduced by improving conditions (i.e., habitat) for native stocks.
In addition, reducing angling pressure and/or implementing a wild stock catch-and-release program
will greatly benefit naturally produced stocks that are currently being over harvested. Future
regulations should consider selective harvest of hatchery-produced stocks only. This of course would
require that hatchery-produced fish be externally identifiable to anglers.
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If hatchery programs are to continue, several issues must be addressed. First, hatchery efforts should
focus on propagation of the entire run and/or minimize or eliminate potential for interactions between
naturally and hatchery-produced fish. To increase genetic diversity, the hatchery should consider
using all available broodstock, including grilse. The practice of discarding broodstock under some
minimum length simply reduces the geretic diversity of hatchery-propagated fish and thus should be
discontinued. However, broodstock from different rivers should not be shared unless shown
clectrophoretically to be genetically similar enough to warrant such practices, Doing so with
genetically distinct stocks will undermune the "edge" each stock has evolved for its respective river.
Fish stocked directly into rivers, rather than downstream, will reduce the incidence of straying.
However, doing so will greatly increase losses during the outmigration period; thus, a balance
between these two conflicting concerns must be attained. Second, hatcheries must strive to reduce
disease problems. Consideration should be given to quality, not quantity. This means improving
water quality and reducing densities of fish to create conditions less likely to be conducive to
development and proliferation of disease. Finally, the hatchery should consider treating its effluent
waters to further guard against the introduction of new diseases that may affect native stocks.

In the attempt to rebuild native salmonid stocks in the lower American River, the Nimbus Fish
Hatchery may be able to play an alternative role. The hatchery facility could be used to capture
immigrating steelhead, and these fish could be transported and released in traditional headwater
spawning grounds above Folsom Reservoir. Outmigrating smolts would likewise need to be captured
prior to entering Folsom Reservoir, transported, and released below Nimbus Dam (McEwan and
Nelson 1991). Such an approach, however, is not consistent with the definition of "natural
production”.

Fish are stocked because native populations lack the appropriate habitat and/or numbers to produce
sufficient annual numbers themselves. Stocking fish does not act on this problem, but rather treats
the symptom (i.e., low numbers of fish). In short, the only way to reduce reliance on hatchery
stocked fish is to improve in-river habitat for native stocks.

Changes needed at the Nimbus Hatchery to favor the river's native stock include the following:

®m Use of all available broodstock, including grilse to increase genetic diversity of
propagated fish. The practice of discarding broodstock under some minimum length
simply reduces the genetic diversity of hatchery-propagated fish and thus should be
discontinued.

m  The emphasis must be placed on the quality, not quantity of hatchery production. This
means improving water quality and reducing densities of fish to create conditions less

likely to be conducive to development and proliferation of disease.

®  Nimbus Fish Hatchery should consider treating its effluent waters to further guard against
the introduction of new diseases that may affect native stocks,



3-Xe-60 WORKING PAFPER ON RESTORATION NEEDS
Related actions that may impede or augment the action: None.
Agency and organization roles and responsibilities: DFG currently operates Nimbus

Hatchery.

Potential obstacles to implementation: The measures presented here may conflict with
existing goals and objectives of hatchery operation.

Predicted benefits: Changes made to the traditional procedures utilized by Nimbus Fish Hatchery can
result in it being a tool to rebuild native stocks rather than one that degrades them. Decreasing the

number of hatchery-propagated fish in the lower American River will increase the opportunity for
native stock recovery.

Fishery studies needed at this time -

m  Salmon redd surveys during different water-year types to describe the response of
spawning salmon over a range of flow conditions

®m  Spawning escapement surveys to provide accurate estimates of escapement

m  Juvenile salmon rearing and outmigration studies
An explicit overall conceptual framework must be established to direct these and other studies so that
information collected is appropriate for establishing beneficial flow regimes for maximizing salmonid
production in the lower American River.

Mokelumne River -

Limiting factors and potential solutions - Following is a list of factors that may limit chinook salmon
and steelhead production within the Mokelumne River basin (Table 3-Xc-10).
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Table 3-Xc-10. Limiting factors for fall-run chinook salmon on the
Mokelumne River and potential solutions.

Limiting factors Potential solutions

Lack of suitable instream flows Increase instream flows

Lack of suitable spawning habitat | 1. Spawning gravel additions

2. Mechanically loosen and clean the gravel
3. Ripanan outfencing

4. Eliminate gravel skimming operations

5. Instream flow increases

6. Provide "cleansing” flows

7. Manage Camanche Reservoir releases to minimize

turbidity
Redd de-watering and juvenile Set flow fluctuation and reduction limits
stranding
Predation losses 1. Remove Woodbridge Dam to eliminate predator
concentrations at high flows
2. Keep flashboards out at Woodbridge Dam until

smolt outmigration ends

3. Pilot predator removal project
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| Limiting factors

Loss and delay of juvenile
salmonids migrating past
Woodbridge Irrigation District

(WID) diversion

Delay of adult salmonids
migrating past Woodbridge Dam

Potential solutions

. Remove Woodbridge Dam to eliminate barrier

. Keep flashboards out at Woodbridge Dam until

smolt outmigration ends

. Maintain fish screen and bypass to DFG standards

. Study WID diversion and Lake Lodi impacts on

juvenile survival and migration

. Remove Woodbridge Dam to eliminate barrier
. Increase instream flows

. Convert lower portion of ladder to pool and weir

system

. Replace and modify use of the gate valve at the top

of the upper ladder

. Remove/block Denil fish ladder during high flows

. Optimize attraction flows to fish ladder

Unscreened diversions

. Evaluate operation of all riparian diversions
. Install fish screens at problem diversions

. Install permanent fish screen at North San Joaguin

Conservation District (NSJCD) diversion
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Limiting factors Potential solutions
High water temperatures 1. Maintain a minimum pool in Camanche Reservoir

2. Balance Camanche Reservoir releases with Pardee
Reservoir releases

3. Construct multilevel outlet structure at Camanche |
Dam .

4. Increase instream flows

5. Conduct Camanche/Pardee Dam water dynamics
study

Loss of riparian habitat 1. Purchase stream bank conservation easements
2. Ripanian outfencing projects

3. Convert abandoned dredging and gravel pit mines

4. Provide flooding flows in wet years
5. Implement a nparian management plan

6. Lake Lodi riparian restoration project

Poor water quality 1. Enforce EPA water quality standards
2. Establish a water quality monitoring program

3. Construct multilevel outlet structure at Camanche
Dam

4, Maintain a minimum pool in Camanche Reservoir

5. Manage Camanche Dam releases to optimize water
quality
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— —
Limiting factors Potential solutions H
—

Poaching and angling of adult 1. Establish DFG enforcement presence at
salmon Woodbndge Dam

2. Post "redd trampling" warning signs at Mokelumne
Day Use Area [

3. Conduct patrols below Woodbridge Dam during
the spawning scason

Lack of suitable rearing habitat 1. Increase instream flows

. Utilize abandoned gravel pits as rearing areas

Hesloration actions -

Action 1° Provide instream flows beneficial to all salmonid life stages.

Objective: Increase escapement of adults and survival of all salmonid life stages in the lower
Mokelumne River.

Location: Mokelumne River from Camanche Dam to confluence with the San Joaquin River.

Narrative description: The flow pattern of the lower Mokelumne River below Camanche Dam has
been altered due to projects for storage, diversion, and hydroelectric power generation (DFG 1991).
Up to 65% of the unimpaired flow is diverted into the Mokelumne River aqueducts at Pardee °
Reservoir. Typically, flows at Woodbridge Dam throughout the year are less than those recorded
below Camanche Dam due to channel loss and diversions (FERC 1993). Low flows below
Woodbridge Dam prevent salmon from reaching the fish ladder as late as the last week in November.
Current management of flows released from Camanche Reservoir have resulted in water temperatures
detrimental 1o, and decreased availability of preferred habitat for, all life stages of salmonids at one
time or another. Flows adequate for flooding/maintaining the riparian corridor and cleansing
spawning gravels are no longer provided except perhaps during extreme storm events.

Chinook salmon spawning habitat is maximized at flows of 300 to 500 cfs (DFG 1991). Comments
on the application of IFIM studies to flow recommendations for other than spawning habitat
(Chapman 1992, USFWS 1993b) suggest that other cntenia be used to determine flows needed to
benefit juvenile salmon. Logic suggests that flows that mimic the natural flow regime would be best
to ensure optimal survival rates for juvenile/smolt life stages. Tenant (1975) suggests 30% of the
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average flow, while DFG (1991) recommends 28% of the average annual runoff. The flow schedule
to be provided to the San Joaquin River (Table 3-Xc-11) is recommended for implementation:

Table 3-Xc-11. Instream flow regimes* recommended to facilitate doubling of
chinook salmon and steelhead production in the lower
Mokelumne River under three year t

Flow (cfs) for each of three year types

Month Wet Normal Dry
October™° 300 300 200
November-December™ © 350 300 200
January" 4007 300" 200"
February” 450" 350¢ 200*
March 550¢ 350 250
April 700* 600° 350°
May 1250° 900° 400°
June 950¢ 500° 150°
July* 250 100 60
August-September® 60 60 _ 60

*  Daily flow fluctuations shall not exceed 10% of the average flow within any 24-hour period, and
weekly fluctuations shall not exceed 20% of the average flow within any 7-day period. Flows
should not be reduced by more than 300 cfs during any 6-day period.

b Should flows exceed 400 cfs for any 7-day period during the peak spawning season (October-
December), flows shall not be reduced below 400 cfs for the duration of the spawning/incubation

period (October-February).
°  Flows for chinook salmon spawning and incubation.

¢ Flows for spawning, rearing, and migration. Values calculated as approximately 30% of the
average monthly unimpaired flows from 1922 to 1991.

Flows for adult passage, based on report of an instream barrier near Thornton that will prevent
or impair the upstream migration of adult chinook salmon at flows less than 60 cfs (DFG 1991).
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Related actions that may impede or augment the action: The effectiveness of some flows may
be impeded by the timing and amount of water diverted to state and federal water projects.

Agency and organization roles and responsibilities: EBMUD directly controls flows in the

lower Mokelumne River via releases from Camanche Reservoir.

Potential obstacles to implementation: Water supply availability and extended drought
conditions may result in water shortages to implement this action. EBMUD will likely oppose flows
substantially greater than those released under current management schemes.

Predicted benefits: Available habitat for some or all salmonid life stages will be increased. Wet year
flows may help in the cleansing of spawning gravels and maintenance of the riparian corridor. Barrier
and timing problems associated with Woodbridge Dam and diversion may be reduced. The water
temperature regime in the lower Mokelumne River will improve. Water quality may improve.

Action 2 Provide flows maximizing suitable chinook salmon spawning habitat.
Objective: To improve the quantity of spawning habitat in the lower Mokelumne River.
Location: Lower Mokelumne River from Camanche Dam to Mackville Road.

Narrative description: Prior to the completion of Camanche Dam in 1964, chinook salmon spawned
primarily between Clements (RM 59.2) and the canyon about 3 miles below Pardee Dam (FERC
1993). Most salmon spawning now takes place over the 5-mile reach between Camanche Dam and
Mackville Road. The quality and quantity of suitable spawning habitat available in the future will
depend to a great degree on the instream flow regime. Although the 1987 IFIM study (Envirosphere
1988) indicates that the maximum potential spawning habitat is available when flow is near 300 cfs,
it has been suggested that deep water did not coexist with suitable velocities and substrata at the
stream discharges extant in the river when spawning microhabitat was examined, and that DFG
recommended flows for spawning in the lower Mokelumne River would be higher if the suitability
curves for spawning chinook salmon were to be re-examined at greater river discharges (Chapman
1992).

Flows recommended in Action 1 should be implemented during the spawning season.

Related actions that may impede or augment the action: The effectiveness of these flows may
be impeded by the timing and amount of water diverted to state and federal water projects.

Agency and organization roles and responsibilities: EBMUD directly controls flows in the
lower Mokelumne River via releases from Camanche Reservoir.
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Potential obstacles to implementation: Unimpaired runoff available may not be sufficient to

implement the proposed flow releases recommended in Action 1. EBMUD will likely disagree with
the recommended flow levels proposed in Action 1.

Predicted benefits: Available spawning habitat may be increased. Wet year flows may help in the
cleansing of spawning gravels. Barrier and timing problems associated with Woodbridge Dam and
diversion may be reduced for adult salmonids. The water temperature regime in the lower
Mokelumne River will improve for salmon spawning. Water quality may improve.

Action 3: Replenish gravels suitable for salmonid spawning habitat.
Objective: To improve the quantity and quality of spawning habitat in the lower Mokelumne River.
Location: Lower Mokelumne River from Camanche Dam to Mackville Road.

Narrative description: Camanche Dam blocks the movement of gravel from upstream, and
immediately below the dam there is no source of replacement gravels. Gravel skimming operations
may also contribute to a lack of adequate spawning gravels.

Spawning gravel should be added to portions of the river. On June 8, 1994, biologists from EBMUD
and DFG identified four potential sites where gravel could be added to the river: 1) at the DFG
pasture site (Envirosphere 1988), 2) upstream of the PG&E gas line crossing, 3) directly below
Highway 88, and 4) above Mackville near the old "CC Wood" bridge crossing, DFG is in the process
of determining land ownership and potential access. Redd surveys (BioSystems 1992) and habitat
usage of previous gravel enhancement projects (Hartwell 1994) in the lower Mokelumne River show
that berms that are perpendicular to streamflow are preferred spawning habitat. Gravel should be
added to the river so that the above-mentioned berms are formed. Funding for salmon spawning
habitat restoration through the State Habitat Conservation Fund (Prop. 117) should continue to be
pursued by EBMUD.

g actions that may im r augment the action: Instream flows will determine how
and to what extent added gravels are distributed downstream from the potential sites listed above.

Agency and organization roles and responsibilities: Categorical exemptions can be obtained
for most of the permits required under CEQA for gravel placement work through DFG coordinating
with the CVRWQCB and the Corps. EBMUD will need to meet its mitigation responsibilities to
replenish and maintain gravels according to agreements signed with DFG. DFG should require gravel
permit operators to periodically place gravel in the stream to improve the salmon spawning habitat
should they continue to be allowed to operate.

Potential obstacles to implementation: Access to the river for gravel restoration projects will
require land owner cooperation,
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Predicted benefits: Additional spawning habitat may be created, and spawning habitat quality will
improve. Redd superimposition may decrease.

Action 4: Cleanse spawning gravels of fine sediments.
Objective: To improve the quality of spawning habitat in the lower Mokelumne River.
Location: Lower Mokelumne River from Camanche Dam to Mackville Road.

Narrative description: The presence of Camanche Dam and the use of Camanche Reservoir for flood
control has resulted in the absence of flushing flows necessary to cleanse and prevent sedimentation
of spawning gravels in the lower Mokelumne River. BioSystems (1992) reported that over 70% of
the substrate samples taken in 1991 and 1992 from chinook salmon redds contained amounts of fine
sediment less than 0.48 inch in diameter that are detrimental to egg survival (Chapman 1988). This
and the presence of substrate armoring and compaction in the spawning sites (BioSystems 1992)
indicate that spawning gravel quality is a limiting factor. Exact sources of these fines are not known,
although possible culprits may be turbid flow releases below Camanche Dam, agricultural returns, and
poor land use practices.

Flushing flows are needed from Camanche Reservoir to cleanse gravels. A pilot program involving
mechanically loosening and cleaning the gravel should be conducted from an upstream to downstream
direction to see if such an action would prove effective.

Related actions that may impede or augment the action: Streamflows necessary to move 1/2-
inch-diameter gravel may be in excess of 3,000 cfs (Envirosphere 1988). Because some of the
substrate is compacted and armored, even higher flows may be required. This would possibly result
in some flooding downstream and damage to existing levees (Taylor, USFWS, pers. comm.). A
prototype gravel cleaning machine is being tested on the Tuolumne River by EA Engineering.
Another gravel cleaning device has been designed and used for 2 years at the Tehama-Colusa Canal
and is effective for specific-sized gravel.

Agency and organization roles and responsibilities: EBMUD directly controls flows in the

lower Mokelumne River via releases from Camanche Reservoir. DFG would be the lead agency for
purposes of permitting under CEQA, CVRWQCB, and the Corps. Technical advice and perhaps the
loan of a machine may be needed from EA Engineering,

Potential obstacles to implementation: Access to the river for gravel restoration projects will
require land owner cooperation. Mechanical gravel cleaning may not prove to be a viable action.

Predicted benefits: Spawning gravel quality may improve substantially
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Action 5: Prevent sedimentation of spawning gravels.
Objective: To improve the quality of spawning habitat in the lower Mokelumne River.
Location: Lower Mokelumne River from Camanche Dam to Mackville Road.

Narrative description: The presence of Camanche Dam and the use of Camanche Reservoir for flood
control has resulted in the absence of flushing flows necessary to cleanse and prevent sedimentation
of spawning gravels in the lower Mokelumne River. BioSystems (1992) reported a significant inverse
relationship between mean survival of eggs in wild salmon redds and the percentage of fines in three
size categories. They also reported that more than 70% of the substrate samples taken in 1991 and
1992 from chinook salmon redds contained amounts of fine sediment (less than 0.48 inch) in diameter
that are detrimental to egg survival (Chapman 1988). This indicates that spawning gravel quality is
a limiting factor. Exact sources of these fines are unknown, although possible culprits may be turbid
flow releases below Camanche Dam, agricultural returns, and poor land use practices.

Camanche Reservoir should be managed so as to minimize sediment levels in flow releases. A
multilevel outlet structure should be constructed at Camanche Dam so that turbid releases can be
avoided while adequate water temperatures are maintained. Cattle should be excluded from grazing
along the river's edge. Outfencing projects should be promoted with land owners to establish a buffer
zone and to allow the re-establishment of riparian vegetation and to prevent bank erosion.

Related actions that may impede or augment the action: Gravel cleaning may affect habitat
downstream from the cleaning sites. Bottom releases necessary for maintaining recommended water
temperatures may have increased turbidity.

Agency and organization roles and responsibilities: EBMUD manages flow releases from
Camanche Reservoir and would play the lead role in any construction taking place at the dam.
Cooperation with private land owners would be essential to making any out-fencing program work.

Potential obstacles to implementation: Low-turbidity releases may not be compatible with
EBMUD-preferred management practices of Camanche Reservoir. EBMUD will likely resist the
installation of a multilevel outlet structure due to construction costs involved. Land owner
cooperation will be needed to restore ripanan habitat that was destroyed by livestock grazing and
protect what remains.

Predicted benefits: Spawning gravel quality may improve substantially.

Action 6: Restrict flow fluctuations and reductions.

Objective: Prevent redd de-watering and stranding of juvenile salmonids.
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Location: Mokelumne River from below Camanche Dam to confluence with the San Joaquin Raver.

Narrative description: Losses of chinook salmon eggs have occurred due to flow reductions in the
lower Mokelumne River (Meinz 1985). Additional losses were suspected due to the stranding of
juvenile salmon on large gravel bars or in isolated pools or channels. A stranding model
(Envirosphere 1988) showed that exposed strandable area increased most with downramping events
involving flows at or below 400 cfs. Steady flows during the peak spawning, egg incubation, and
juvenile rearing period (October through April) would prevent the desiccation of redds and stranding
of juvenile salmonids on gravel bars and in potholes on the lower Mokelumne River (DFG 1991).

Flow fluctuation limits recommended by DFG to avoid loss of aquatic productivity and stranding
should be implemented: daily flow fluctuations shall not exceed 10% of the average flow within any
24-hour period and weekly fluctuations shali not exceed 20% of the average flow within any 7-day
period. Should flows exceed 400 cfs for any 7-day period during the peak spawning season
(October-December), flows shall not be reduced below 400 cfs for the duration of the
spawning/incubation period (October-February). Flows should not be reduced by more than 300 cfs
during any 6-day period.

Related actions that may impede or augment the action: The maintenance of steady flows
throughout the periods mentioned above would make flow ramping unnecessary. Storm events where
flows are no longer controlled may make meeting the fluctuation criteria impossible.

Agency and organization roles and responsibilities: EBMUD directly controls flows in the

lower Mokelumne River via releases from Camanche Reservoir,

Potential obstacles to implementation: Flow ramping schedules may not be mmpatih]e with
EBMUD management practices of Camanche Reservoir releases. Storm events may make ramping
impossible.

Predicted benefits: Instances where redd de-watering and/or the stranding of juvenile salmons occur
would be eliminated. Impacts on aquatic productivity due to flow alterations may be lessened.
Action 7© Remove Woodbridge Dam or delay installing the dam flashboards until July.

Objective: Reduce losses of salmon smolts to predation.

Location: Immediately below Woodbridge Dam.

Narrative description: High spring flows can attract striped bass and squawfish to the base of
Woodbridge Dam. During Camanche Reservoir flood flow releases in spring 1993, striped bass were

attracted to the base of Woodbridge Dam (EBMUD 1994) Based on analysis of striped bass
stomach contents, diver surveys, and the time period when striped bass were present, EBMUD
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biologists estimate that between 11 to 51% of the 1993 salmon smolt production was lost to striped
bass predation (Boyd 1954).

In 1994, Camanche Reservoir releases of approximately 150 cfs resulted in spill conditions over the
top of Woodbridge Dam. Dave Vogel, conducting experiments to determine the extent of physical
injury to salmon smolts passing over the top of Woodbridge Dam, observed heavy predation by
squawfish on salmon smolts passing through a pool from the fish ladder entrance discharge (EBMUD
1994). Vogel noted that the predation losses could easily be the highest single mortality to juvenile
salmon within the Mokelumne River. A pilot predator removal project for the area just below
Woodbridge Dam is presently planned for spring 1995 (Vogel Environmental Services pers, comm,).

Alternative methods of diverting water by the WID should be investigated so that Woodbnidge Dam
could be removed altogether. Ifthe dam cannot be permanently removed, the flashboards should not
be installed until after the smolt outmigration has ended.

Related actions that i ion: Increased spring flows may increase

the attraction of predators to the tailwaters of Woodbridge Dam.

Agency and organization roles and responsibilities: WID would need to spearhead the
process of looking for alternative methods of water withdrawal to meet its needs. Removal of
Woodbridge Dam would likely involve WID, USFWS, DFG, the Corps, and others. Permission
would also have to be obtained from WID to gain access to the river to remove predators that
concentrate at the base of the dam. DFG would have to agree to issue permits that would allow for
the removal of the fish predators.

Potential obstacles to implementation: WID would likely object to any proposed changes to
its diversion operations. The city of Lodi and/or the recreational users of Lake Lodi may protest the
removal of the lake. Alternative water sources during the time that the flashboards would be removed
may not be available or adequate. DFG may have a difficult time justifying the removal of fish
predators because striped bass are a game fish and squawfish are a native species. Because striped
bass are one of the fish species populations to be doubled under the CVPIA, the removal of striped
bass predators from the area below Woodbridge Dam may be in conflict with the anadromous fish

doubling goal.

Predicted benefits: Removal of Woodbridge Dam would eliminate the problem of concentrating
predators and smolts in one small area, thus predation problems may be eliminated entirely. A
conservative estimate of the benefits that might accrue from reduced predation on salmon smolts
would be an improvement of salmonid smolt survival of 10%,
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Action 8. Reduce or eliminate mortality and delays of juvenile salmonids associated with passage
past the WID diversion and Woodbridge Dam.

Objective: Improve survival of juvenile salmonids past the WID diversion and Woodbridge Dam.
Location: WID diversion and dam.

Narrative description: WID's diversion and Woodbridge Dam may result in mortality and/or delays
of juvenile salmonids migrating downstream past them. Possible causes of the above are: 1)
inadequate access and/or attraction flows to the fish bypass, 2) faulty rubber seals on the rotating
drum screens, 3) lack of a comprehensive fish facilities monitoring and maintenance program, 4)
inadequate fish screen bypass flows, 5) predation and high water temperatures in Lake Lodi, 6) injury
to fish when flow over the dam occurs, and 7) inadequate flows released below the dam.

Alternative methods of diverting water by the WID should be investigated so that Woodbridge Dam
could be removed altogether. If the dam cannot be removed permanently, the flashboards should not
be installed until after the smolt outmigration has ended. If the flashboard installation cannot be
delayed, the screening and bypass facilities should be closely monitored and maintained to DFG
standards. Flows recommended in Action 1 should be implemented so as to reduce the percentage
of the flow diverted by WID. Studies should be conducted looking at: 1) the impact of Lake Lodi
on juvenile salmonid survival and its possible use as a rearing area, 2) the efficiency of existing fish
screen and bypass facilities, and 3) the extent/causes of delays to the downstream migration of
juvenile salmonids that may occur.

Related actions that may impede or augment the action: The amount of flows through Lake
Lodi and the percentage of the water diverted by WID may alter the effectiveness of the management
actions. Important limiting factors that may negate benefits would be predation losses below
Woodbridge Dam, unsuitable water temperatures in the central Delta, and entrainment losses at the
water project pumps.

Agency and organization roles and responsibilities: Removal of Woodbndge Dam would
likely involve WID, USFWS, DFG, the Corps, and others, WID and DFG will need to coordinate
facility inspections and maintenance. EBMUD will need to relcase the flows from Camanche
Reservoir to meet recommendations for below Woodbridge. WID, DFG, EBMUD and USFWS
should cooperate in conducting any studies concerning Lake Lodi and/or WID facilities.

Potential obstacles to implementation: Cost would be the major obstacle for making the
improvements in this section. WID would likely object to any proposed changes to its diversion
operations. The city of Lodi and/or the recreational users of Lake Lodi may protest the removal of
the lake. Alternative water sources needed during the time when the flashboards would be removed
and the filling of Lake Lodi delayed, or made necessary due to the removal of Woodbridge Dam, may
be unavailable or inadequate. EBMUD would likely resist any increases in flows required below
Woodbridge Dam.
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Predicted benefits: Should Woodbridge Dam be removed, or the flashboards be removed during
smolt outmigration, juvenile salmonid mortality and delays in their downstream migration may be
eliminated entirely in this reach. Increased flows will eliminate the need for trapping juvenile
salmonids at Woodbridge Dam and trucking them to the Delta and may result in increased
escapement due to improved imprinting by juvenile chinook salmon.

Action 9: Eliminate barriers to efficient and timely migration of adult salmonids.
Objective: Improve passage conditions at Woodbridge Dam for adult salmonid migration.

Location: Woodbridge Dam.

Narrative description: The tailwater elevation below Woodbridge Dam is too low relative to the
fishway entrance during low-flow conditions. Access and/or attraction to the fishway entrance may
be inadequate, resulting in physical injury to upstream migrating salmon attracted to dam spillage.
Under the current design, adult salmon passing up the lower ladder must swim through a series of
small rectangular openings (23.6 x 35.5 inches) where there is currently no resting habitat between
chambers (EBMUD 1994). The pool and weir system would provide the necessary hydraulic
conditions for better fish passage. Spill can place water into the Denil fishway, making it a blind
channel for migrants, when Lake Lodi is high (FERC 1993). Flow restriction in the high stage fish
ladder occurs due to the gate valve at the top.

Alternative methods of diverting water by the WID should be investigated so that Woodbridge Dam
could be removed, If the dam cannot be removed permanently, the flashboards should not be installed
until after the smolt outmigration has ended. If the flashboard installation cannot be delayed, the
following improvements should be made: 1) attraction flows to the fish access should be optimized,
2) the gate valve at the top of the high stage fish ladder should be removed, 3) access to the Denil
fishway should be denied to migrants when Lake Lodi is high, and 4) the lower portion of the ladder
should be converted into a pool and weir system. Flows recommended in Action 1 should be
implemented to eliminate fish passage problems associated with low flows during adult salmonid
migrations.

Related actions that may impede or augment the action: The flows past Woodbridge Dam
will affect the ability of the adult salmon to locate and ascend the fish ladders.

Agency and organization roles and responsibilities: Removal of Woodbridge Dam would
likely involve WID, USFWS, DFG, Corps, and others. EBMUD will need to release the flows from
Camanche Reservoir to meet recommendations for below Woodbridge. Permission will be needed
from DFG and WID to modify the fish ladders at Woodbndge Dam.

Potential obstacles to implementation: No funding sources have been identified to modify and
improve the fish passage conditions at Woodbridge Dam. WID would likely object to any proposed
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changes to its diversion operations. The city of Lodi and/or the recreational users of Lake Lodi may
protest the removal of the lake. Because this is not a hydropower project, FERC is unlikely to
mandate any improvements to this facility. EBMUD will likely oppose any changes in flow
requirements below Woodbridge Dam.

Predicted benefits: Although it is difficult to quantify benefits, the natural salmon spawning
escapement to the lower Mokelummne River should increase because adult salmon will not be delayed

in their upstream migration.

Action 10; Screen all diversions in the lower Mokelumne River to DFG standards.
Objective: Prevent entrainment or loss of juvenile salmonids at lower Mokelumne River diversions.
Location: Mokelumne River from below Camanche Dam to Lake Lodi.

Narrative description: Unscreened or improperly screened diversions can result in the loss or
entrainment of juvenile salmonids. From the rearing areas near Camanche Dam downstream to Lake
Lodi, over 50 river pumps withdraw water from the river for irrigation, and few, if any, are screened
(BioSystems 1992). The NSJCD, operating the second largest diversion below Camanche Dam, had
DFG install a temporary fish screen during the 1993 irrigation season.

The operation of riparian pumps should be evaluated because many of the diverters are operating
under their own guidelines. Should evaluations show problems at any given diversion, it should be
screened to meet DFG standards. The NSJCD diversion should be screened to meet DFG criteria
whenever it is operated.

Related actions that may impede or augment the action: The timely outmigration of smolts
may have juveniles susceptible to loss or entrainment out of the river before most water diversion

OCCUrs.

Agency and organization roles and responsibilities: DFG would investigate and screen up to

its standards any diversions that pose problems to juvenile salmonids. Those operating diversions
would need to cooperate.

Potential obstacles to implementation: Water diverters may not want to cooperate with any
investigation of potential diversion problems and may object to the cost and inconvenience of
screening their diversions.

Predicted benefits: Loss and entrainment problems associated with unscreened diversions would be
reduced or eliminated.
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Action 11: Maintain suitable water temperatures for all salmonid life stages.
Objective: Provide for timely migrations and increased survival of adult and juvenile salmonids.
Location: Mokelumne River from below Camanche Dam to confluence with the San Joaquin River.

Narrative description: Downstream of Camanche Dam, water temperature depends on Camanche
Reservoir release water temperature, prevailing meteorological conditions, and flow rate (FERC
1993). From April to mid-October, the closure of Woodbridge Dam and subsequent filling of Lake
Lodi effectively slows the water, allowing it to heat. Temperatures downstream of Woodbridge Dam
are also affected by a reduction in flow as a consequence of the water withdrawal at the WID diver-
sion. Differences in water temperature between Camanche and Woodbridge dams have been
measured up to 16.2°F (9°C) during hot, dry years (Walsh et al. 1992), In 1990, water temperatures
at RM 29.5 (Ray Road) regularly exceeded 77°C (25°C) from the end of April to mid-September,
and regularly exceeded 86°F (30°C) from early June 1o early August (Walsh et al. 1992). DFG
(1991) describes the preferred range of temperatures for fry and outmigrant juvenile salmon as 7.0-
14.6°C (45-58°F), while Raleigh et al. (1986) recommends that from the time fry emerge from the
gravel until they migrate out of the river the temperature should not exceed 18°C (64°F).

A minimum pool in Camanche Reservoir of 190 feet from April through September, and a minimum
pool of 170 feet from October through March, should be maintained. Instream flows recommended
in Action 1 should be implemented. Pardee Reservoir flow releases should be balanced with those
from Camanche Reservoir to optimize thermal conditions. Alternative methods of diverting water
by the WID should be investigated so that Woodbridge Dam could be removed and Lake Lodi
eliminated. Alternatives that would help provide optimal water temperatures include constructing
a pipeline from Pardee Reservoir to the base of Camanche Dam and/or constructing a multilevel
outlet structure at Camanche Dam. Further studies are needed on Pardee and Camanche Dam water
temperature dynamics so that reservoir management practices can optimize water temperatures
downstream.

Related actions that may impede or augment the action: There may be a tradeoff in water
temperature benefits from increased springtime flows below Woodbridge Dam and increased losses

of smolts from fish predators that are attracted to the base of Woodbridge Dam by the higher flows.

Agency and organization roles and responsibilities: EBMUD is responsible for Pardee and
Camanche Dam operations and would bear primary responsibility in construction projects at Pardee
and Camanche dams. Removal of Woondbridge Dam would likely involve WID, USFWS, DFG, the

Corps, and others.

Potential obstacles to implementation: Water shortages resulting from the implementation
of this action during dry years and costs involved with proposed construction projects will likely meet
with resistance from EBMUD. WID would likely object to any proposed changes to its diversion
operations. The city of Lodi and/or the recreational users of Lake Lodi may protest the removal of
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the lake. Alternative water sources needed due to the removal of Woodbridge Dam may not be
available or adequate.

Predicted benefits: Suitable water temperatures provided for all life stages of salmonids will result
in timely adult and smolt migrations, increased emergence, and increased survival of fry and smolt

stages.

Action 12: Enhance and maintain the riparian corridor.
Objective: Improve streambank and channel rearing habitat for juvenile salmonids.
Location: Mokelumne River from below Camanche Dam to confluence with the San Joaguin River.

Narrative description: The lower Mokelumne River’s riparian vegetation is diminishing over time
(USFWS 1993a). In many areas there is no regeneration along the relatively thin riparian corridor
(DFG 1991). Riprapping of long lengths of streambank such as above and below Elliot Road has
reduced tree growth and therefore fostered increased river temperatures by reducing shading
(EBMUD 1994). The reach with the most obvious deficiency in riparian vegetation is at Lake Lodi,
which has large areas of shallow water without vegetation (FERC 1993) Bankside erosion has
potentially affected salmonid production in several small areas where cattle grazing is permitted along
the river corridor (Miyamoto 1994). Sustained flows at or near bankfull discharge, or even overbank
flows, during the period of seed set and vegetation growth in spring, would provide for a healthy
riparian vegetative community (Chapman 1992).

Sustained flows of at least 3,000 cfs should be provided to flood the lower alluvial surfaces during
wet years, and slightly higher surfaces could be inundated periodically with releases from Camanche
Reservoir. The response of the riparian community to these flows should be monitored. An active
riparian restoration and management plan should be established for the lower Mokelumne River. A
riparian restoration project should be conducted at Lake Lodi. Cattle and horses should be fenced
out where they now graze down to the river's edge. Stream bank conservation easements could be
purchased to widen the riparian corridor.

Related actions that may impede or augment the action: Flushing flows recommended for
cleansing spawning gravels may be sufficient to provide benefits to the riparian community as well.

Agency and organization roles and responsibilities: EBMUD directly controls flows in the

lower Mokelumne River via releases from Camanche Reservoir. DFG would be the lead agency for
purposes of monitoring the effects of the above-mentioned flows. Cooperation with private land
owners would be an essential element to make an out-fencing program work. Property adjacent to
the river might be purchased using State Wildlife Conservation Board funds, or property owners may
be given an incentive through a favorable property tax program if they establish a natural riparian
corridor with an out-fencing program, The Nature Conservancy could provide technical advise on
establishing and implementing an active riparian restoration and management plan.
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Potential obstacles 1o implementation: EBMUD will likely oppose any major changes in its

flow management practices, Land owners may be unwilling to participate in any riparian restoration
program. Funds needed for the purchase of conservation easements may be unavailable.

Predicted benefits: Riparian regeneration and maintenance may take place. Impacts on spawning
gravels due to erosion will be reduced. An improved riparian cormidor may lower water temperatures
Rearing habitat availability and quality will probably be increased.

Action 13; Set and enforce water quality standards.
Objective: Provide optimal water quality for all life stages of salmonids.
Location: Mokelumne River from below Camanche Dam to confluence with the San Joaquin River.

Narrative deseription: The management of Camanche Reservoir elevations and Pardee Reservoir
inflows have not consistently provided water of suitable quality to the Mokelumne River Fish Facility
(MRFF) and the lower Mokelumne River fishery (USFWS 1993a). Occurrences of low dissolved
oxygen, elevated hydrogen sulfide, and elevated heavy metal levels at critical times of the year for
fisheries and other aquatic resources have been documented, occasionally resulting in fish kills,
Camanche Reservoir releases have regularly exceeded EPA criteria for the maintenance and
protection of aquatic resources. To gain an accurate and complete account of Mokelumne River
water quality conditions and their effects on fishes, and to fully assess the impact of EBMUD's
operations on the lower Mokelumne River, a water quality monitoring program that includes a greater
number of sampling sites and more frequent sampling of the lower river than presently sampled is
needed.

EPA water quality standards for the protection and-maintenance of aquatic resources should be met
at all times for Camanche Reservoir releases. USFWS guidelines for a water quality monitoring plan,
submitted to EBMUD in 1993, should be used to establish a working program. A multilevel outlet
structure should be constructed at Camanche Dam so that turbid releases can be avoided while
adequate water temperatures are maintained. EBMUD should manage Camanche Reservoir in a way
that bottom sediments are not resuspended and subsequently released downstream.

Related actions that may impede or augment the action: The maintenance of a minimum pool
in Camanche Reservoir may help prevent the re-suspension of bottom sediments high in heavy metal

concentrations.

Agency and organization roles and responsibilities: EBMUD, EPA, and USFWS would work

together in implementing a water quality monitoring program. EBMUD would manage releases so
that water quality below Camanche Dam would meet EPA standards.
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Potential_obstacles to implementation: EBMUD will likely resist the installation of a
multilevel outlet structure due to construction costs and difficulties involved and resist any changes

in current operational procedures regarding releases

Predicted benefits: Improved water quality would lessen the likelihood of any adverse impacts on
incubating salmon eggs and juvenile salmonids and eliminate the potential for fish kills in the future.

Action 14: Eliminate adverse effects of poaching and angling on salmonid production.
Objective: Protect adult salmon and steelhead spawners.
Location: Mokelumne River from below Camanche Dam to confluence with the San Joaquin River.

Narrative description: Poaching in the lower Mokelumne River can seriously limit salmonid
production with losses up to 50% during low-flow years (BioSystems 1992). Historically, most of
the poaching occurs below Woodbridge Dam, but poaching has also occurred in the river adjacent
to the MRFF (Estey 1992) and at Highway 88 (Boyd 1992). The Mokelumne River is open to fishing
from January 1 through October 16 each year, with a daily bag and possession limit of two salmon
and/or steelhead per angler. Hartwell (1994) reported that biologists conducting redd surveys on the
lower Mokelumne River routinely observed anglers wading on and around the redds in these areas
after the fishing season opens. Roberts and White (1992) have shown that anglers wading on trout
redds can significantly affect their hatching success.

A cooperative program established in 1993 between DFG and WID based on wardens knowing the
current status of the salmon migration should be continued. Consideration should be given to
extending the sport fishing closure from beyond December 31-to March 31, especially during dry
years. Consideration might also be given to posting signs warning anglers about trampling on redds
during the spawning/incubation period in all public access areas, and at Mokelumne Day Use Area
in particular. DFG, with possible assistance from local sports’s clubs, could conduct weekly patrols
on the river from Woodbridge Dam to Thomton to locate and remove potential fish barriers and
discourage poachers.

Related actions that may impede or augment the action: The removal of Woodbridge Dam
would reduce the availability of easy prey to potential poachers. Increased flows would reduce the

susceptibility of adult salmon to poaching,

Agency and organization roles and responsibilities: WID and DFG will need to continue the
information exchange used to alert wardens to any increased potential for poaching to occur due to
the presence of migrating salmon. DFG would lead any investigation on possible fishing regulation
changes concerning the Mokelumne River and would determine what enforcement presence would
be necessary to reduce salmon poaching. EBMUD and/or DFG would post the "redd trampling”
warning signs. Local sports's clubs could get involved in river patrols.
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Potential obstacles to implementation: DFG has a limited budget to increase its enforcement
presence on the lower Mokelumne River. Sport fishers will likely protest changes to restrict fishing

on the lower Mokelumne River,

Predicted benefits: Escapement to the spawning grounds would increase due to a reduced take by
poachers and/or the sport fishery.

Action 15: Evaluate the feasibility of increasing available rearing habitat.
Objective: Maximize suitable rearing habitat in the lower Mokelumne River.

Location: Mokelumne River approximately 1 mile downstream from Mclntire Road to 3 miles
downstream of Mackville Road.

Narrative description: To improve salmon rearing habitat, FERC (1993) recommends increasing the
number of small pools with velocities greater than 0.49 fps that are interconnected with river
channels. Such habitat might be developed by using abandoned gravel dredging and mine sites along
the river. The abandoned gravel dredging areas are located approximately 1 mile downstream from
Meclntire Road to 3 miles downstream of Mackville Road. Similarly, FERC (1993) recommends
using abandoned gravel pit mines to provide rearing habitat by connecting them with the Mokelumne
River and enhancing them with riparian plantings. The most suitable gravel pits are located between
Highway 88 and Mackville Road. FERC (1993) states the ponds would be useful during the March
through May rearing period before water temperatures become unsuitable.

Prior to creating new habitat, the use by rearing salmonids of existing habitat similar to that described
above should be evaluated. Habitat should be created only if it would provide a net benefit to natural
production of salmonids. '

Related actions that may impede or augment the action: River flows may affect the

interconnection of the new riparian wetland habitat. Many of the gravel pits contain populations of
largemouth bass that may pose predation threats to juvenile salmonids (EBMUD 1994).

Agency and ization roles and re ibilities: Cooperation with private land owners will
be an essential element to make this program work. Property adjacent to the river might be
purchased using State Wildlife Conservation Board funds.

Potential obstacles to implementation: Funding sources for this program may be limited to
fully implement this program.

Predicted benefits: The available rearing habitat for juvenile salmonids would be increased.
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Cosumnes River -

Limiting factors and potential solutions - Following is a list of factors that may limit chinook
salmon production within the Cosumnes River basin (Table 3-Xc-12).

Table 3-X¢-12. Limiting factors for fall-run chinook salmon on the

Limiting factor

Instream flow

Cosumnes River and potential solutions.

Potential solutions

1. Set instream flow requirements
2. Restrict diversions during critical migration penods

3. Purchase existing water rights

Migration barriers

|. Evaluate existing barriers for adult and juvenile fish |
passage and remedy problem ones

2. Remedy passage problems as identified above via dam
removal, operational changes, or improved ladders

3. Enforce Fish and Game Codes that prohibit construction
of unlicensed dams

Juvenile entrainment

Effectively screen all diversions

Riparian habitat

Restoration actians -

1. Establish riparian corridor protection zone

2. Rehabilitate damaged areas

Action 1: Determine and set instream flow requirements.

Objective: Ensure adequate instream flows for all life stages.

Location: Entire river where salmonids are found (RM 4] downstream).
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Narrative description: Low flows in fall appear to be the most critical limiting factor to the run. The
lower stretch of river is ofien dry until fall rains occur, and contiguous flow may not exist until spring.
Thus, fall spawning passage of migrating adult salmon is blocked. Y oung-of-the-year salmon must
leave the river by early May to avoid high temperatures and low flows. The current flow and
temperature regime, however, prohibits the year-long presence of chinook salmon or steelhead.

The mainstem of the Cosumnes River and its smaller tributaries have 157 registered appropriative
water rights. In addition, 58 statements of water diversions and use (pre-1914 and riparian rights),
123 stock ponds, and three small domestic registered diversions are on file with the Division of Water
Rights. (The stock ponds are generally less than 10 af and usually are filled from diversions during
the first few storms, thus delaying the increased flows that are needed downstream to allow for
salmon migration.) There are additional registered water diversions on the three forks of the
Cosumnes River, Most water is being diverted from the first rains in fall through early summer. This,
of course, coincides with the time that salmon are in the system.

DFG's Region 2 files have no information regarding any minimum instream flow, and no IFIM studies
appear to have been conducted on the Cosumnes River. There is documentation, however, that the
flow remains discontinuous below the spawning area through fall and early winter in dry years and
until heavy rains in normal years. In years when salmon spawn successfully, young-of-the-year
salmon must leave the system by early May due to high water temperatures and low flows.

During the baseline period, the current escapement goal was met in 1968, 1969, and 1972 (Table 3-
Xc-13). The average monthly flow for October in those years was approximately 1,000 cfs (average
daily flow of 32 cfs). Therefore, until better information exists, a minimum instream flow of 32 cfs
from October through May, measured at the Michigan Bar flow gage, provides conditions suitable
for salmonid production,

Table 3-Xc-13. Escapement estimates and monthly total flow for October and
May during the baseline Eerind for the Cosumnes River,

Year Escapement estimate October flow May flow

1967 500 1,467 5,988
1968 1,500 4827 40,331
1969 4,400 1,654 11,687
1970 600 803 21,296
1971 500 901 10,529
1972 1,600 936 22,096
1973 900 1,533 24,557
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R N L L
1974 | 285 |  NE NE
1975 725 2,510 3,036
1976 NE 431.9 1,502
1977 NE 0 28,264
1978 100 670 30,457
1979 150 1,332 17,708
1980 200 627 6,013
1981 5 876.9 39,284
1982 NE 6,273 68,770
1983 200 2,468 15,139
1984 1,000 2,131 7.807
1985 220 878 13,160
1986 NE 1,262 2,704
1987 NE 301 3,252
1988 100 11.53 7,082
1989 NE 1,746 4,080
1990 NE 231.7 10,217

" 1991 NE 513.9 2,364

Note: “NE” indicates no estimate 15 available.

Predicted benefits: Providing adequate instream flow will ensure salmon utilization in the Cosumnes
River on a consistent basis. An IFIM study will aid in determining best utilization of the available

flow.

Action 2: Restrict water diversions during critical periods for salmonids.

Objective: Ensure adequate instream flows for all life stages and provide better passage for adults

and juveniles.

Location: Water diversions where passage problems are evident.
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Narrative description: Refer to Action 1. DFG and DWR should work with diverters to encourage
them to reduce or stop diversions during critical times for salmonids (October through May).
Diversion dams could be constructed later and disassembled earlier. The stock ponds could be filled
in winter, allowing for an initial storm pulse to create contiguous flow for adult migrants in fall.

Predicted benefits: Any action to increase the amount of water in the river will have direct and
immediate benefits to fish and likely help attain the restoration goal.

Action 3: Purchase existing water rights.
Objective: Ensure adequate instream flows for all life stages.
Location: Entire river where anadromous salmonids are found (RM 41 downstream).

Narrative description: Refer to Action 1. Purchasing existing water rights for fish is a possible means
to maintain adequate flows. DFG should contact all water diverters to identify willing sellers. Water
purchased farther upstream will likely provide more habitat if diverters below do not tap into it.
Potentially, diverters downstream could be encouraged to request their full right while leaving excess
in the stream. Subsequently, no new water appropriations should be allowed.

Predicted benefits: Any and all water that remains in the stream will have immediate benefits to fish.
This action will lead to achieving the restoration goal.

Action 4: Evaluate diversion dams and barriers for passage problems.
Qbjective: Ensure adequate passage of adult and juvenile salmonids.
Location: Diversion within anadromous salmonid habitat (RM 41 downstream).

Narrative description: Small flashboard dams and some illegal dirt and gravel dams exist on the lower
Cosumnes River. They do not appear to be major barriers to upstream migration, however, they may
cause problems for downstream migration of young of the year. This needs to be examined. DFG
should develop a prioritized list of problem barriers. Dams with severe problems should be noted so
they can be dealt with immediately.

Predicted benefits: Identifying dams with passage problems will assist in developing means to remedy
the situation. This will increase the amount of available spawning habitat and reduce loss of

outmigrating juveniles.
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Action 5. Remedy passage problems as identified in Action 4.
Objective: Ensure adequate passage of adult and juvenile salmonids.
Location: Dams identified as passage problems in Action 4.

Narrative description: Refer to Action 4, Potential means to resolve passage problems include dam
removal, operational changes, and installation or modification of fish ladders. The feasibility of

consolidating several smaller diversions into one should be investigated. DFG should work with
DWR and water diverters to improve passage at these dams.

Additionally, approximately 41 RMs upstream of the mouth, there is a barrier to upstream migration.
However, at extremely high flows, a secondary channel allows for possible upstream access.
Attempts to eradicate this barrier have not been successful. According to a DFG report by Robert
Reavis, the barrier was removed in 1947 or 1948, Salmon were able to migrate upstream of the old
barrier and spawn for only a few years before the barrier re-formed. There is good spawning habitat
for about 5 miles above this barrier.

Approximately 11 miles upstream of this barrier exists another barrier, impassible at all flows. The
additional distance that would have to be traveled by the downstream migrants and the existence of
approximately 15 miles of spawning gravel downstream of the barrier offset the value of removing
it.

Predicted benefits: Providing adequate passage at dams and barriers will increase the amount of
available salmonid habitat, which will likely increase production.

Action 6: Enforce Fish and Game Codes that prohibit construction of unlicensed dams.

Objective: Ensure adequate passage of adult and juvenile salmonids.

Location: Illegally constructed dams.

Narrative description: It is suspected that several diversion dams are constructed illegally. DFG
should identify these dams and take action.

Predicted benefits: Eliminating these diversions will provide better fish passage and potentially keep
more water in the river. Accomplishing this action will help attain the restoration goals.
Action 7: Effectively screen all diversions.

Objective: Prevent loss of juveniles to entrainment.
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Location: All unscreened diversion in anadromous salmonid habitat (RM 41 downstream).

Narrative description: Most diversion on the Cosumnes River are unscreened and likely entrain
juvenile salmonids. DFG should work with water diverters to effectively screen all diversions.

Predicted benefits: Effectively screening diversion will reduce fish loss to entrainment.

Action 8: Establish riparian corridor protection zone.

Objective: Preserve existing salmonid habitat from incompatible land use and moderate water
temperature.

Location: Entire river.

Narrative description: DFG is developing a strategy that would establish a stream corridor protection
zone. This would prevent incompatible land use from occurring near stream margins. This concept
should be supported by all public resource agencies and applied to future developments. The county
planning commission should be made aware of this.

Predicted benefits: Establishing a riparian corridor protection zone will prevent incompatible land
use from effecting the current salmonid habitat.

Action 9: Rehabilitate damaged areas.

Objective: Remedy incompatible land use practices that have increased sedimentation of the river and
elevate water temperature.

Location: Entire river.

Narrative description: The section of the Cosumnes River with the best spawning gravel 1s also
characterized by extensive stretches of willow/cottonwood corridors that provide decent stream bank
stabilization and prevent rapid warming of the river. However, some reaches have been denuded of
the riparian corridor, causing warming trends and siltation and pollution of the water, in addition to
reducing streamside vegetation. Incompatible land use practices have an effect on saimonid habitat
and needed to be remedied. Recommendations include fencing and providing off-stream watering
for cattle, and either revegetating the denuded sections or leaving them fenced to recover naturally.
DFG should pursue rehabilitation efforts.

Predicted benefits: Rehabilitating areas of high erosion will provide better spawning substrate due
to reduced sedimentation of the gravel.
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Calaveras River -
Limiting factors and potential solutions -

Instream flows - Insufficient instream flow currently limits anadromous fish
production in the Calaveras River, especially in dry years. Release schedules are not uniform and the
system is over allocated. No dedicated fishery flows or minimum instream flow exists.

Attraction flows at the confluence of the San Joaquin River can be insufficient to move chinook
salmon into the Calaveras River (Richardson 1993). Flows in late February and March must be
sufficient to allow upstream migrants to swim past Bellota Weir into the spawning areas. Sustained
flows between New Hogan Dam and Bellota are required for the spawning grounds. If flows are cut
off too early in the season, redds will be dewatered. Incubation is generally from about April through
September (for winter-run salmon; Vogel and Marine 1991) and flows in the Calaveras River typically
begin to fall offin September. During the recent drought years, flows have been very low even in the
spawning ground area that is above most of the diversions. Juveniles are likely moving out of niver
with the flows in March and April, rather than during the fall. Juveniles may overwinter because of
insufficient flow to move them seaward (USFWS 1993).

Water temperature - Water temperature problems are directly linked to New Hogan
Dam release schedules (USFWS 1993). Maximum temperatures can climb above the physiological
tolerance of chinook salmon during dry years, hot summers, or low flows (S. Schoenberg pers.
comm.). Temperatures must also be sufficiently low to attract fish into the Calaveras River; pre-
spawning chincok salmon require temperatures between 41°F and 60°F (Vogel and Marine 1991).

Migration barriers - The dam at Bellota discourages passage at certain water levels
(DFG 1982). Various check dams that can block migrations exist on both Morman Slough and the
Calaveras River (DFG 1993).

Diversions- Most existing diversions are not screened or are inadequately screened
(DFG 1993). Nearly all water in the river is diverted, especially during some seasons. The Stockton
diverting canal removes water before the river empties into the San Joaquin River. Delta diversions
from both the CVP and the SWP affect migrations between the Calaveras River and the Pacific
Ocean.

Bank and streambed modification - Reductions in streamflow will have decreased the
salmonid food base productivity compared to production with no dewatering of insect habitat
(Gislason 1985). Reductions in streamflow tend to alter the streambank by facilitating riparian
encroachment. This has occurred on the old channel of the Calaveras River, but this area is
downstream of the spawning, incubating, and rearing area.

At the present time, flows are so limiting that bank and streambed modification are considered minor
limiting factors and therefore are not further discussed under "Options for Restoration." These
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factors may become more important once enhanced instream flows encourage increased salmonid
production.

Angling - Yearling chinook salmon have been taken by anglers. Chinook salmon
poaching has been reported, and at times there has been heavy fishing pressure on rainbow trout
(DFG 1984). Most of the spawning ground area is not easily accessible to anglers. Any efforts to
enhance chinook salmon production will also enhance rainbow trout production, thereby increasing
angler pressure. For these reasons, angling pressure could become a problem once salmonid
production is increased.

Table 3-Xe-14. Limiting factors and potential solutions
for Calaveras River chinook salmon.

‘ Limiting factors Potential solutions

Insufficient instream flows . Protect and increase instream flows

. Further refine instream flow needs

. Monitor fish production as a function of increased
flows

Warmwater temperature . Protect and increase instream flows

. Establish a minimum pool size at New Hogan
Reservoir

Migration barriers 1. Remove temporary irrigation dams in the Calaveras
River, Morman Slough, and Stockton Diverting
Canal that block migration

2. Install fish passage facilities at Bellota Weir,
Clements Dam, and Cherryland Dam

3. Monitor the effectiveness of fish passage facilities
and alter as necessary

Entrainment at diversions 1. Identify screening needs and install screens as
needed

2. Restrict further water diversions
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Limiting factors Potential solutions

. Monitor rainbow trout fishery and change

regulations to protect winter-run chinook salmon if
this becomes necessary

. Monitor for poaching

Restaoration actions -

Action 1: Establish and protect adequate instream flows.
Obijective: Protect winter-run chinook salmon (all life stages) and other salmonids.

Location: Instream flow protection needed from New Hogan Dam to Bellota for spawning and
incubation; attraction and passage flows require protection to tidewater.

Narrative description: Protection of instream flows in the Calaveras River could be accomplished as
follows:

B Establish minimum instream flow objectives to protect winter-run chinook salmon
(spawning, rearing, and migration) (USFWS 1993).

m  Complete a more thorough study to further refine instream flow needs (DFG 1993).
m  Monitor fish production as a function of increased flows (Hunter 1991),

USFWS (1993) completed a preliminary instream flow study that clearly outlined the need for more
instream flow than currently is allocated to the river, Recommendations based on this work are
shown in Table 3-Xc-15. Estimated flow requirements for winter-run chinook salmon vary between
50 and 225 cfs, depending on year type and time of year. Provision of these estimated flow
requirements would provide necessary attraction, spawning ground, rearing, and outmigration flows.
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Table 3-Xc-15. Instream flow regimes recommended to facilitate doubling production
of winter-run chinook salmon in the Calaveras River for each of three water-year types.

Flows (cfs) for three year types*”
ot Wet Normal Dry
“February 19-29 225° 70 | 50
| March 1-20 225¢ 225° 225°
March 21-30 225° 225° 120¢
March 31-September 15 200° 160* 120° -.
September 16-October 31 100° 100° 100° |
November 1-February 18 70 s | S0

" No current agreement exists to maintain releases for fisheries purposes.

b Flow recommendations modified from USFWS (1993). Flows for spawning and incubation,
rearing, and temperature control are needed only to Bellota because most fish remain above where
most diversions occur. However, 50 to 70 cfs left instream to tidewater would help maintain the
overall health of the river system.

°  Flows of 225 cfs are needed for attraction and passage of adults and smolts. Flows based on past
recommendations by DFG. Estimates include yearling outmigration. Flows are required to mouth
of San Joaquin River.

Flows needed for spawning and incubation. Flows based on preliminary instream flow
measurements (few transects and flows evaluated). Estimates for winter- and fall-run chinook
salmon were made using habitat criteria for fall-run chinook salmon on the Stanislaus, Yuba, and
American rivers. Spawning, incubation, and rearing flows for wet, normal, and dry years are those
flows that yielded 100%, 80%, and 60% of the optimal WUA of physical habitat.

¢ Flows needed for juvenile rearing, including temperature protection.
] g2, ng p P

f Flows needed for juvenile rearing,

The Calaveras River system is already over allocated, and therefore retaining water instream for
salmonids may reduce water available for offstream uses. For this reason, it may eventually be
necessary to more precisely determine instream flow needs by conducting a complete instream flow
study. Also, as the instream flow needs are met, other limiting factors may become more important
and the study could help identify these.
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Finally, it is important to check that actions are working as expected. The number of salmonids
passing Bellota Weir could be courtted, or spawning surveys could be done, to confirm that instream
flow augmentation is benefiting salmonid production. Monitoring should continue for 5-10 years
(Hunter 1991).

Related actions that may impede or augment the action: Efforts to manage water

temperatures for salmonids (Action 2) will need to be coordinated with this action. Efforts to
enhance salmonid production in the Calaveras River should be coordinated with the "Stanislaus River
Basin and Calaveras River Water Use Program” (DWR and USBR 1991). Actions as a result of this
planning process could affect salmon production within the Calaveras River. Calaveras County and
Stockton East Water Districts are investigating various water transfer projects that could (positively
or negatively) affect Calaveras River instream flows (S. Schoenberg pers. comm.).

Agency and organization roles and responsibilities: Securing the adequate flows in the
Calaveras River will require significant effort on the part of state and federal agencies. New Hogan

Dam is operated by the Corps, and USBR contracts water to the state of California. These two
agencies have the potential to manage water so that enhanced salmon production in this stream 15
possible. In addition, stream flow needs could be addressed through the SWRCB. Stockton East
Water District would need to be involved in negotiations, as well as the City of Stockton, the
Calaveras County Water District, DWR, USFWS, DFG, and other interested parties.

Potential obstacles to implementation: Substantial negotiation efforts would need to take

place because the water in the system is already over allocated and, simultaneously, there are
significant increases in demand for water because of residential development. Negotiations should
stress flexibility in operation of New Hogan Reservoir. For example, operation schedules for New
Hogan Dam could incorporate options to enhance salmonid production, including trout. The release
schedule now used for agriculture is compatible with winter-run salmon (but not fall-run salmon) and
this point should be stressed. Diversions occur mainly downstream of spawning and rearing areas,
and thus some of the water requested for fish is still available for other uses downstream. However,
attraction flows, which are seasonal, represent increased releases over those now made.

Predicted benefits: Flow protection is critical to chinook salmon for migration, spawning, rearing,
aquatic food base production, and maintenance of coldwater temperatures. Chinock salmon
production is very low and this measure, in combination with the other measures, will likely increase
production at least to levels previously observed (a run size of 400-1,000 chinock salmon). These
measures will contribute to the doubling goal, though there are insufficient data to state that the
population will be doubled.

These flows have a high probability of increasing winter-run salmon production for the following
reasons. First, there were approximately 400 spawning salmon prior to the recent prolonged drought
period. In 1993, when flows were higher than during the drought period, some chinook salmon were
seen around Morman Slough and the Stockton Diverting Canal (S. Schoenberg pers. comm.),
suggesting that when water is present, fish will use the Calaveras River. Second, physical habitat
conditions are adequate for salmon spawning and rearing (DFG 1993). For example, there is suffi-



SECTION X. REPORTS FROM THE TECHNICAL TEAMS -
C. CHINOOK SALMON AND STEELHEAD 3-Xe-9J

cient gravel of the correct size to support spawning and the existing riparian canopy is adequate
(USFWS 1993). Third, the migration distance is short, reducing the number of obstacles that the fish
must negotiate. Finally, New Hogan Reservoir is large relative to the size of the Calaveras River and
therefore has the potential to provide cold water throughout the year (USFWS 1993). These factors
combined suggest that a winter-run salmon population could be supported in the Calaveras River with
the provision of sufficient flows. DFG (1993) ranks the Calaveras River as "C1" priority (i.e.,
restoration action benefits small populations of anadromous species and has significant long-term or
permanent benefits).

Action 2;: Manage water temperatures for all salmonid life stages, including spawning, incubation,
rearing, juvenile outmigration, and adult migration,

Obijective: Provide suitable water temperatures for salmonid survival.
Location; New Hogan Dam to Bellota, and to the San Joaquin during fish passage.

Narrative description: Water temperatures in the Calaveras River are closely associated with instream
flows, reservoir release schedules, and New Hogan pool size (USFWS 1993). Temperatures climb
above the physiological tolerance of chinook salmon, causing stress, migration delays, or death.
Temperatures must be sufficiently low to attract fish into the Calaveras River. Required temperatures
for chinook salmon are as follows (Vogel and Marine 1991):

m Pre-spawning: 5-15°C (42-60°F)
®  Incubation: 5-14°C (41-60°F)
m Rearing: 6-18°C (43-64°F)

Water temperature protection could be achieved through a combination of flow protection and
determination of minimum pool size at New Hogan Reservoir (USFWS 1993). Methods to establish
flow protection were discussed previously. Initial minimum pool size could be determined according
to the USFWS (1993) study, followed by further effort to identify the most appropriate pool size for
temperature protection. For example, temperature modeling could be completed as a part of the
instream flow study discussed previously.

The best available data suggest that temperatures could be kept cool enough for chinook salmon
production with a release schedule as described in Table 3-Xa-1 and a minimum New Hogan pool
size of 85,000 af (USFWS 1993).

Related actions that may impede or augment the action: Efforts to establish and protect
adequate instream flows (Action 1) should consider and contribute to management of water

temperatures.
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Agency and organization roles and responsibilities: Representatives from the Corps, USBR,

USFWS, DFG, Stockton East Water District, the City of Stockton, the Calaveras County Water
District, DWR, and other interested parties may wish to be involved in determining a minimum pool
size at New Hogan that will ensure low enough temperatures for chinook salmon production,

Potential obstacles to implementation: See potential obstacles discussed for Action 1.

Predicted benefits: Temperature protection, which is related to flow, will ensure that water
temperatures do not exceed physiological tolerances of chinook salmon. In combination with flow
and migration protection, this measure will increase chinook salmon production in the Calaveras
River as discussed under instream flows.

Action 3: Remove migration barriers affecting salmonids.
Objective: Improve upstream and downstream migration.
Location: Bellota Weir to San Joaquin River (including Morman Slough).

Narrative description: Three specific parts to this action will ensure better upstream passage. First,
remove temporary irrigation dams in the Calaveras River, Morman Slough, and Stockton Diverting
Canal that partially or totally block migration (DFG 1993). Second, install fish passage facilities at
Bellota Weir, Clements Dam, and Cherryland Dam (USFWS 1993, DFG 1993). Third, monitor the
effectiveness of any fish passage facilities installed to ensure that the anticipated result was achieved
(Hunter 1991).

These barriers definitely block upstream migrants, but may also be influencing downstream migration.
Bellota Weir is removed between October 11 and March 30 (USFWS 1993); however, late-arriving
fish are still blocked.

Related actions that may impede or augment the action: Provision of adequate instream

flows, especially fish passage flows, should contribute to improved upstream and downstream
migration.

ization roles and responsibilities: Stockton East Water District, USFWS,
DFG, and other affected parties could be involved in determination of options for solving migration
barrier problems at Bellota Weir, Clements Dam, Cherryland Dam, and temporary dams.

Potential obstacles to implementation: Fish passage facilities can be expensive to install and
irigators may object to removing temporary dams for fish passage if this reduces their water supply.

These issues will need to be negotiated with affected parties for the best long-term result. Affected
parties could seek solutions that allow fish migration and support existing water diversions.
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Predicted benefits: Chinook salmon must be able to migrate upstream to the spawning grounds above
Bellota; if they are blocked from this area, no production will occur even with adequate flows and
water temperatures. Therefore, in combination with flow and temperature protection, this measure
will increase chinook salmon production in the Calaveras River as discussed under instream flows.

Action 4: Evaluate screening needs and install screens as needed on existing diversions that may
affect juvenile outmigrants (USFWS 1993).

Objective: Protect outmigrants,

Location: New Hogan Dam to San Joaquin River.

Narrative description: Many of the agricultural diversions are not screened or are inadequately
screened. Nearly all water in the river is diveried, especially during the crop-growing season. Each
of these diversions needs to be evaluated, and those that are likely causing salmonid mortality or delay
should be properly screened. Screen effectiveness should be monitored to ensure that the screens are
working successfully and as anticipated.

Outmigrants and all salmonid life stages would be better protected by restricting further water
diversions for offstream uses. At a minimum, adequate instream flow protection could be required
if diversions are from other basins.

Related actions that may impede or augment the action: Efforts to enhance salmonid
production in the Calaveras River should increase the need to screen diversions.

Agency and organization roles and responsibilities: Individual irrigators, USFWS, DFG,
Stockton East Water District, and other interested parties could be welcomed to negotiations on
options for correcting screening problems, potential screening benefits, and cost of implementation.

Potential obstacles to implementation: The determination of screening needs, followed by
screen placement, maintenance, and monitoring, will be costly.

Predicted benefits: Compared to the first three restoration actions, this action is less important.
However, when production 1s improved through flow, temperature, and migration protection, loss
of juveniles through unscreened diversions could become important. Ensuring that new water
developments include instream flow protection or flow enhancements will reduce the chance of
further stressing the stream.

Action 5; Monitor sport fishing and regulations.

Objective: Protect chinook salmon and other salmonids.
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Location: New Hogan Dam to Bellota.

Narrative description: Before the prolonged drought a rainbow trout fishery existed below New
Hogan Dam (DFG 1987). This fishery will need to be monitored closely once efforts are undertaken
to enhance chinook salmon production because these efforts will also increase trout production. If
angler pressure increases, new regulations may have to be considered to protect winter-run chinook
salmon, which could be taken as yearlings.

Related actions that may impede or augment the action: Efforts to enhance salmonid

production in the Calaveras River could increase the need to monitor sport fishung.

nd responsibilities: DFG would probably need to coordinate
this action. Local sportfishing groups might want to be involved.

Potential obstacles to implementation: Local fishing groups may protest if not involved
initially.

Predicted benefits: Of the recommended options for restoration, this is the least important factor.
However, when salmonid production is improved through flow, temperature, and migration
protection, losses attributable to angling and poaching could become important.
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D. SAN JOAQUIN BASIN
Development of Flow Recommendations
Vernalis flow -

Regression mode - The equation relating escgpement of chinook salmon to April-Juneflow and
exportsduring the year of outmigration was derived by Dr. Carl Mesick of Carl Mesick Consultants, using
data supplied by DFG, DWR, and USGS (CMC 1994).

DFG has previoudy presented regress on equations describing the relationship between adult escapement
into the Stanidaus and Tuolumne rivers and San Joaquin Basin outflow &t the time of outmigration (DFG
1992, 1993). Dr. Mesck's andyses differ from DFG's in three important respects. 1) Dr. Mesick:s
analyses separated 2- and 3-year-old sdmon according to the year when they were juveniles outmigrating
through the Ddlta; 2) the data.used covered alonger period of time (1951-1993); and 3) in addition to San
Joaquin Basin outflow, individua and combined effects of spawning stock numbers, ocean harvest, El Nifio,
Ddtawater quality, and totd Delta exports were evauated.

Escapement was best predicted by amodel based on theratio of Verndisflow (Qy) to maximum monthly
exports at the SWP and CV P pumping fadilities (Xg. s) from April-June (adj-R?=0.76, p=0.000) and by a
model incorporating April-June Verndisflow and April- June maximum monthly exports as separate terms
(adj-R?=0.68, p,= 0.000, p, = 0.014). Spawning stock numbers, ocean harvest, El Nifio conditions, and
fal water qudity were discarded because their relative contributionsto prediction of escapement proved to
be inggnificant.

Selection of regression model - Indeveloping Verndisflow recommendationsfor the purposes of
the AFRP, the modd relying on the Qy Xk s ratio wasrgected in favor of themode incorporating Qv and
Xk s 8 separate terms in the equation.  Although the ratio model accounts for adightly grester portion of

'DFG regressed spring flow at Verndis on escapement 2 years later; for each year escapement
estimates were based on 3-year-old samon, which were juveniles 2 years earlier, and 2-year-old
sdmon, which were juveniles 1 year earlier. Therefore, in the DFG regression, the portion of
escapement composed of 2-year-old fish was not influenced by spring flow a Verndis 2 years earlier.
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the total variance associated with escapement, it has disadvantages associated with its gregater potential for
selecting flow and export combinations outside the range of observed conditions. For example, while a
Qv Xgs ratio of 10 could be achieved by setting Q,=100 and X ,s=10 or by setting Q,=10,000 and
Xg,s=1000, it is unlikely that both scenarios would provide equa benefits for sdmon.

Devel opment of April-June Vernalisflow and export recommendations - Theinitid assumption
was that doubling average basdline-period production (as indicated by escapement) of chinook salmon
would require conditions that were better than those that occurred during the basdline period. Withthisin
mind, X s was set to equa 200 taf/month (3,360 cfs), which isequivaent to about 50% of the mean export
rate during the basdline period. Two hundred taf/month is the average vaue for Xg s over the five San
Joaquin Basin water year types. X s Wasadjusted for each year typeto reflect by year type distribution of
total unimpaired runoff during the period of record (1922-1990) (Table 3-Xd-1) . Thus Xk s would exceed
200 taf/mo in above-normd andwet years, but would be lower than 200 taf/mo in below-normal, dry, and
critica years.

Table 3-Xd-1. Allocation of total combined Delta exports (CVP and SWP)
by percent occurrence of total unimpaired runoff (1922-1990).

Percent of total Maximum

unimpaired runoff Tota monthly monthly

Y ear type (1922-1990) exportsfor 5 years exports
Criticdl 0.09 X (200 x 5) = 90
Dry 0.13 X (200 x 5) = 130
Below normd 0.19 X (200 x 5) = 190
Above norma 0.23 X (200 x 5) = 230
Wet 0.35 X (200 x 5) = 350

When X¢ s = 200 taf/month, the regresson modd indicates that a Qy of 9,000 cfsis required to double
escgpement of chinook samon into the Stanidaus and Tuolumne rivers. As with exports, totd Q. was
adjusted for year typeto reflect percent distribution of total unimpaired runoff between year typesduring the
period of record (1922-1990) (Table 3-Xd-2).

Table 3-Xd-2. Allocation of San Joaguin River flow a Verndis
based on percent occurrence of total unimpaired runoff (1922-1990).

Percent of total
unimpaired runoff | Tota monthly flow for Mean monthly
Y ear type (1922-1990) 5years flow
Criticd 0.09 X (9,000 x 5) = 4,050
Dry 0.13 X (9,000 x 5) = 5,850
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Percent of total
unimpaired runoff | Totd monthly flow for Mean monthly
Y ear type (1922-1990) 5years flow
Beow normd 0.19 X (9,000 x 5) = 8,550
Above normal 0.23 X (9,000 x 5) = 10,350
Wet 0.35 X (9,000 x 5) = 15,750

Assuming that year types occur with equa frequency, the regresson model predictsthat implementing these
standards would doubl e the average basdline period escapement into the Tuolumne and Stanidausrivers.
Application of weighting factors to account for differencesin year type frequency will be consdered asa
possible future refinemen.

Another key assumption is that the unimpaired hydrograph (1922-1990) generaly provides the best
indication of the optimum timing of flow for chinook sdmon. Onthebassof thisassumption, Verndisflow
was alocated between April, May, and June to reflect the pattern exhibited by unimpaired runoff. For
example, onthe average, distribution of tota April-June unimpaired runoff during wet yearswas 25%, 39%,
and 36% for April, May, and June, respectively. Thus, based onthewet-year flow vduein Table 3-Xd-2,
recommendationswould be (0.25 X [3 X 15,570]) = 11,677 cfsin April, (0.39 X [3 X 15,570]) = 18,217
cfsin May, and (0.36 X [3 X 15,570]) = 16,816 cfsin June.

Tributary flow recommendations -

Tributary flow recommendationswere deve oped using estimated flow needsat Verndis, unimpaired runoff
from 1922 through 1990, and findings of previous|FIM studies. Thefollowing assumptionswere applied:

1) In agiven water year, flow a Verndisis an index of conditions upstream in thetributaries
and upstream in the San Joaguin River.

2) In a given month, unimpaired conditions represent the optimum distribution of tota San
Joaguin Basn outflow between the tributaries and the mainstem river.

3) Within agiven water year, flow during April, May, and Juneis an index of flow during the
other months of the year.

4) In a given water-year type, within each tributary and the maingem, the unimpaired
hydrograph represents optimum distribution of flow between months.

5) An exception to 4 gppliesto the tributaries during late summer and fal. Unimpaired flows
inthereachesthat are currently bleto sdmon were often extremely low prior to and
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6)

7)

during spawning. Because access to upstream habitat has been prevented by the dams,
higher than unimpaired flows are needed in most years to provide suitable conditions for
spawning and incubation.

Flow should not be reduced between the onset of spawning and peak outmigration.
Except during years when flows greater than unimpaired flows are released for spawning,
thisfollows from assumption 3 above.

Although the regress on mode was based on combined escapement into the Stanidausand
Tuolumne rivers, the flows generated by the model were considered to be an index of
conditions in the Merced River. Thus, Merced River flows were derived in the same
manner as flows for the Stanidaus and Tuolumne rivers.
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For April, May, and June, tributary and upper maingemriver flowswere devel oped by dlocating total basin
outflow (Verndisflow) on the bass of mean, historic contribution to unimpaired runoff by year. Using the
examplefor awet year above, percent contributionsto flow were 19% for the Stanidaus River, 28% for the
Tuolumne River, 16% for the Merced River, and 38% for the mainstem San Joaquin River. Thus, theMay
flow recommendationswould be 3,461 cfs, 5,101 cfs, 2,915 cfs, and 6,922 cfsfor the StanidausRiver, the
Tuolumne River, the Merced River, and the mainstem San Joaguin River (at Stevinson), repectively.

Within each year type, flows for October-March and July- September were developed using their

proportiond relaionship to April-July flow under mean unimpaired conditions. Ontheaverage, for 1922-
1990, wet-year flows in the Stanidaus River are digtributed as follows: October - 1%, November - 29,
December - 6%, January - 8%, February - 10%, March - 11%, April - 14%, May - 24%, June- 18%,
duly - 6%, August - 1%, and September - 1%. Returning to the original example, if AFRP \-generated
wet-year flows for the Stanidaus River in April, May, and June are 1,985 cfs, 3,461 cfs, and 2,522 cfs,
respectively. In an average wet year, 56% of the totad annua unimpaired outflow for the Stanidaus River
occursduring April-June. Flowsfor other monthswere obtained through muiltiplication of the percentage of
thetota annual flow occurring in each month by (1,985 + 3,461 + 2,522)/0.56. Fows developed usngthis
gpproach generdly range from 30% to 50% of those that would have occurred under unimpaired

conditions.

Under unimpaired conditions, late summer and fal flowsin the lower reaches of the Stanidaus, Tuolumne,
and Merced rivers were probably insufficient to support chinook salmon spawning and over-summer
rearing. Prior to the congtruction of dams, alarge percentage of dl gpawning and rearing probably occurred
upstream of the reaches that are currently accessible. Because flow recommendations developed by
dlocating Verndisflow range from 30% to 50% of unimpaired flows, they cannot be expected to provide
adequate conditionsfor spawning and rearing in the lower reaches of theriversduring dryer year types. To
compensatefor thisdeficiency, the July-December tributary flows extrapol ated from the Q/X ¢ s regresson
mode were replaced with IFIM flows in cases in which the IFIM flows were higher. All values were
subsequently adjusted to ensure that no reductions in flow occurred between the onset of spawning in
October and peak outflow, which generally occurred in May.

Merced River
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Limiting factors and potential solutions -

Table 3-Xd-3. Limiting factors and potentia solutions for San Joaquin
Badn fdl-run chinook sdmon in the Merced River.

dewatering, and juvenile
dranding resulting from
peaking power operation of
hydroe ectric facilities and
rapid changesin reservoir
discharge for other purposes

Limiting factors Potentid solutions
1.  Timing and magnitude of low Implement aflow schedule that will provide suitable
are inadequate to provide conditionsfor dl life stages of chinook sdmon
conditions required for adult
migration, spawning,
incubation, rearing, and
juvenile outmigration
2.  Water temperature problems. Manage New Exchequer Dam, McSwan Dam, and
Crocker-Huffman Diversion to reduce temperature
() Elevated fal water of water discharged to the Merced River during fal
temperatures delay adult
migration and spawning, which Modify timing and magnitude of flow
may result in delayed out-
migration and reduced surviva Restore bank and riparian vegetation
of juveniles
(b) Elevated spring water
temperatures reduce surviva
of juvenile outmigrants
3. Egg mortdity, redd Prevent redd dewatering by prohibiting flow

reduction from the completion of spawning through
emergence

Reduce stranding by establishing suitable ramping
rates

Evauate benefits and impacts of redirecting flows
released to meet peaking power demandsinto the
cana sysem

Reduce egg mortdity resulting from substrate
mobilization by reducing the magnitude of pesking




SECTION X. REPORTSFROM THE TECHNICAL TEAMS-

D. CHINOOK SALMON AND STEELHEAD 3-Xd-7
Limiting fectors Potential solutions
power fluctuations.
5. Re-regulate or gabilize flow fluctuations usng
Crocker-Huffman Dam.
Past and ongoing ateration of 1.  Provide funding to increase enforcement of sate
stream, riparian, and and federd laws pertaining to stream channel
floodplain habitat dteration
2. Increase public awareness, provide incentives for
reporting violaions
3. Providefunding for stream habitat retoration
projects
Sedimentation of remaining 1. Fadlitate trangport of fine sediments by restoring the
spawning grave ba ance between river channel configuration and
flow regime
2. Mechanicdly clean spawning gravelsthat have been
degraded as aresult of sedimentation
3. Condruct retention basins and support land use
practices that reduce sediment input.
Lack of spawning grave 1. Incresse spawning gravel recruitment from banks
recruitment and floodplain by reestablishing river/floodplain
hydrology and dynamics
2.  Replenish spawning gravel from outsde sources
Reduction in overdl quantity of | Determine feasbility of modifying mgor damsto
access ble spawning and reestablish adult chinook salmon accessto upstream
rearing habitat resulting from habitat and provide safe passage for outmigrating juvenile
obgtruction of migration by sdmon
dams
Entranment of juvenile 1.  Provide other water sources and eliminate
chinook sdmon a sx diversons
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Limiting fectors Potential solutions
medium-szed diversons and
68 smdl pumps Screen or otherwise modify pumps and diversons

to prevent entrainment of juvenile chinook saimon

samon

9.  Predation on rearing and Increase harvest limits on predator species and/or
outmigrating juvenile chinook enlist anglers to implement a concerted predator
sdmon reduction program

Eliminate or isolate predator habitat

10. Poor water quality resulting Provide funding to increase enforcement of State
from point and nonpoint laws pertaining point- and nonpoint-source pollution
discharge of pollutants and
toxic compounds Strengthen existing water qudity standards to

provide protection for chinook salmon as needed
Increase public awareness, provide incentives for
reporting violations

Manage reservoirs to provide sufficient flow to
dilute existing pollutant and toxic chemicd loading

11. Straying of adult chinook Continueto ingdl afdl barrier in the San Joaquin
sdmon into the maingem San River upstream of the Merced River confluence
Joaquin River upsiream of the
Merced River confluence and Provide adequate attraction flowsin the Merced
into Salt and Mud Soughs River

12. lllegd harvest of adult chinook Provide additiona law enforcement from Crocker-

Huffman Diversgon downstream to the confluence
with the San Joaquin River during times when adult
sdmon arein theriver

Increase incentives for reporting violations

Restoration actions -

Action 1: Modify exiging flow schedule (Table 3-Xd-4).
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Objective: Manage flowsto benfit dl life stages of chinook samon.

Locationn Merced River from Crocker-Huffman Diverson downstream to the confluence with the San
Joaquin River.

Narrative description New Exchequer Dam impounds Lake McClure, the largest reservoir (1.0-méef
capacity) in the Merced River Basin; Crocker-Huffman Diverson isthe barrier for upstream migration of
sdmon (Reynolds et d. 1993).

Exiding flow requirementsfor thelower Merced River arefrom two sources. a Davis-Grunsky Contract,
which requiresMerced Irrigation Digtrict to maintain acontinuous flow of 180-220 cfsfrom November 1to
April 1 in the reach from Crocker-Huffman Diverson to Shaffer Bridge; and FERC license no. 2179 for
flow measured at Shaffer Bridge (Reynolds et d. 1993).

Current reservoir releases are insufficient to accommodate chinook salmon migration, spawning, egg
incubeation, juvenile rearing, and smolt emigration (Reynolds et . 1993). Summer flowsof 15-25 cfsare
usualy depleted by riparian diversons before reaching the river mouth, alowing water temperatures to
exceed acceptable criteriafor sdmon (Reynolds et d. 1993). Additiondly, water temperatures are often
too high during adult migration and spawning in fal and during juvenile rearing and outmigration in spring.

A revised flow schedule for the lower Merced River has been formulated by DFG based on results of the
Stanidaus River indream flow study and smolt survival data from the other San Joaguin River tributaries
(Reynoldset a. 1993); dthough this schedul e represents an improvement over existing conditions, it isnot
believed to be optimum or even adequate to meet the needs of dl lifestages of chinook salmon. Although
further revison is planned by DFG following completion of ingtream flow and outmigration sudiesand water
temperature modding (Reynolds et a. 1993), the San Joaguin Basin Technica Team hasrecommended a
flow schedulethat it believeswill achievethe gods of the Anadromous Fish Restoration Program (AFRP).

Table 3-Xd-4. Exiding and AFRP-generated flow (cfs) schedules, Merced River,
Crocker-Huffman Diverson to San Joaquin River confluence by year type.

Existing® AFRP"
Wet/ Above Below
Normal Dry Wet Norma | Norma Dry | Criticd
Month
October 50 15-60 350° 300° 300° 250° 250°
November 180-200 | 180-200 350° 350° 300° 300° 250°
December 180-200 | 180-200 600° 550° 300° 300° 250°
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Existing® AFRP
Wet/ Above Below
Norma Dry Wet Norma | Norma Dry Criticd
Month

January 180-200 | 180-200 | 1,100° 600° 300°| 300° 250°
February 180-200 | 180-200 1,450° | 1,050° 500° | 300° 250
March 180-200 | 180-200 1,500° | 1,050° 600 |  450° 400
April 75 60 1,800'| 1,350"| 1,150"| 950 750°
May 75 60 2950 2,300 1,750 | 1,200 850!
Jdune 25 15 2850 | 1,450'| 1,150'| 650 450"
Jly 25 15 1,150° 400° 250" | 200" 200"
August 25 15 350" 300" 250" | 200" 200"
September 25 15 350" 300" 250" | 200" 200"
Totdl (taf) 66-80 72-84 894 604 429 321 260
Basdine (taf) NA NA 1,449 1,043 647 799 499
Unimpaired (taf) NA NA 1,605 1,069 718 512 364

Note: All flows have been rounded to the nearest 50 cfs.

& Exiging flows dipulated in 1967 Davis-Grunsky Contract (Reynolds et d. 1993) and FERC license
agreement.

Water-year type for existing flow schedules based on Lake McClure storage and inflow; water-year
type for proposed flow schedules based on San Joaguin Basin 60-20-20 Index.

¢ Flow based on IFIM spawning flow recommendationsfor similar-size drainages (Reynoldset d. 1993)
and the assumption that flows greeter than historica flows are needed to compensate for eimination of
access to upstream habitat.

Based on IFIM flow recommendations for smilar-sze drainages and the assumption that, to prevent
redd dewatering or stranding of rearing juveniles, flow should not be reduced between spawning and
outmigration.
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¢ Based on higtorical (1922-1990) percent monthly distribution of total annua unimpaired runoff for the
Merced River Basin and the assumption that, to prevent redd dewatering or stranding of rearing
juveniles, flow should not be reduced between spawning and outmigretion.

" Based on Verndis flow requirement and historical (1922-1990) percent monthly contribution to total
annud unimpaired runoff.

9 Based on higtorical (1922-1990) percent monthly contribution to total annua unimpaired runoff.
Flow based on IFIM flow recommendations for smilar-size drainages (Reynolds et d. 1993) and the

assumption that flowsgrester than historica flowsare needed to compensate for eimination of accessto
upstream habitat.

Reaed actions: Exidging Davis-Grunsky and FERC flow agreements. Verndis flow
recommendations. Section 3408(h), purchase of land and water from willing sellers.

Agency and organi zation rolesand respongbilities: If the proposed flow recommendationswereto
be implemented, Merced Irrigation Digtrict, which operates New Exchequer and McSwvan dams, would be
responsiblefor providing flowsto meet the AFRP flow schedule. USFWS and DFG would beresponsible
for monitoring and adjusting flow recommendations to ensure maximum benefits for chinook samon.

Potential obstaclesto implementation: Flows currently required or recommended are considerably
lower than flows believed necessary to double natura production of chinook salmon in the Merced River.
Because Lake McClure and Lake McSwain are not CVP impoundments, meeting technica team
recommendationswould require cooperation with water agenciesand water right holdersand acquigtion of
water from willing sdlers.

Projected benefits: The San Joaquin Basin Technica Team believes that implementation of this flow
schedule, in concert with other recommended actions, would double production of fall-run chinook sdmon
in the Merced River.

Action 2: Adjust reservoir operations and releases to meet chinook salmon temperature requirements.

Objective: Maintain water temperature within ranges suitable for chinook salmon spawning, incubation,
rearing, and outmigration.

Locationn Merced River from Crocker-Huffman Diverson downstream to the confluence with the San
Joaquin River.
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Narrative description: Insufficient flows alow water temperaturesto exceed acceptable levelsfor salmon.
Other factors contributing to higher water temperatures include a degraded riparian corridor and gravel
capture pits. Water temperatures are often too high during adult migration in fall and during juvenilerearing
and smolt outmigration in spring. High temperatures are thought to delay migration and spawning (DFG
1992), reduce egg survivd, and increase mortdity of rearing and outmigrating juveniles (Reynolds et d.
1993). The following water temperatures should be maintained to the downstream boundary of the
gpawning area during fal and to the mouth of the river during spring.

Dates Water temperature
October 15 - February 15 56°F
April 1 - June 31 65°F

Redated actions: Flow recommendationsand stream habitat restoration. Section 3408(h), purchase
of land and water from willing sdlers.

Agency and organization rolesand responsibilities: If thisactionisimplemented, Merced Irrigation
District would be responsible for operating New Exchequer Dam and Lake McClure to meet temperature
gandards. USFWS and DFG would be responsible for monitoring and adjusting flow recommendationsto
ensure maximum benefits for chinook salmon.

Potential obstaclestoimplementation: Maintaining adequate temperatures may requireflowshigher
than those specified under Action 1. Increasing the proportion of water allocated to meeting fish needs
would reducewater availableto meet needs of other user groups. Therefore, implementation would require
purchase of additiona water. Maintaining water temperature of 65°F during June may not be possible.

Projected benefitss The San Joaquin Basin Technicd Team believes that meeting these prescribed
temperature standards, in concert with other actions recommended by the team, would double production
of fdl-run chinook sdmon in the Merced River.

Action 3: Reduce impacts of rapid flow fluctuations.

Objective: Increase hatching success and juvenile surviva by reducing ramping rates and diminating flow
fluctuation during key periods.

Locationn Merced River from Crocker-Huffman Diverson downgream to the San Joaquin River
confluence.
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Narrative description: Potentid adverse impacts of rapid flow fluctuations resulting from pesking power
operation and short-duration reservoir releasesfor other purposes may disrupt adult sslmon migration and
spawning, scour or dewater redds, mobilize spawning gravel and kill eggs during incubation, and affect
emerging samon fry by stranding, downstream displacement, and exposure to predation (Reynolds et dl.
1993). The potentid for adverse impacts is epecidly great during January and February, when fry are
abundant and rely on passive dispersa to reach suitable habitat (Reynolds et d. 1993). Stranding of

juvenile sdmon following rapid changesin discharge has been documented at severd Stesadong the lower
Merced River and may be aprincipa factor affecting sdmon surviva in yearswhen power peaking occurs
(Reynolds et a. 1993).

Thewindow of vulnerability for adverse impacts of rapid flow fluctuation corresponds to the period when
juvenilefish are present intheriver, essentialy from the onsat of spawning in October through outmigration
inlateMay or early June. Theteam recommends establishing periodswhen flow fluctuationis prohibited or
incorporating standards for ramping ratesthat will prevent premature downstream transport and stranding.
Peaking power operation hasthe potential to be used asatool to simulate outmigration if ramping ratesare
maintained within arange suitable to prevent stranding. Redirection of flow into cand systems has been
proposed by other groupsto alow continued peaking power operationwhile minimizingimpeactson anadro-
mousfish (Reynoldset a. 1993). Thistype of scheme should be evaluated to determine effectivenessand
cogtsin termsof reduced ability to meet needs of fish and other water user groupsat other times of theyear.
Also, the potentia of Crocker-Huffman Dam to re-regulate or gabilize flow fluctuations should be
investigated.

Dates Recommendation

October 1 - March31 | Cease peaking power operation or establish a minimum stage to
prevent redd dewatering and ramping rates to prevent premature
trangport and stranding of juvenilefish. Reduce magnitude of
fluctuations to prevent sediment mobilization.

April 1- May 1 Reduce the rate of recession for peaking flows to prevent stranding of
juvenilefish.

Related actions: Flow and temperature recommendations.

Agency and organization roles and responshilities: Merced Irrigation Didrict and FERC in
cooperation with DFG and USFWS would be responsible for establishing the schedule and standards for
ramping rates.
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Potential obgtaclesto implementation: Modifying hydrod ectric plant operationsto protect juvenile
fish could redtrict operationd flexibility and reduce revenues generated by the sde of dectricity during
periods of high demand. Redirection of pesking flows into canads could reduce the quantity of water
available during other times and for other uses.

Projected benefits: The San Joaguin Basin Technica Team believes that implementation of thisaction, in
concert with other actions recommended by the team, would double production of fall-run chinook sdmon
in the Merced River.

Action 4. Conduct sequentid restoration of instream and riparian habitat.

Objective: Ensure the long-term sugtainability of physicd, chemica, and biologica conditions needed to
meet production gods for chinook salmon through restoration and protection of the stream ecosystem.

Location: Crocker-Huffman Diverson downsiream to the confluence with the San Joaguin River.

Narrative description: Physical habitat for salmon spawning and rearing has deteriorated as aresult of a
number of factors, many of them related to reduced ingtream flow. Problemsinclude siltation of spawning
gravel, lossof sde channdsand channe diversity, and reduced recruitment of spawning gravel totheactive
stream channd (Reynolds et d. 1993).

Gold dredging in the early 1900s removed substantia quantities of spawning gravel from theriver channel.
Inmany riffles, substantid armoring has occurred, with only large cobble remaining. Dams currently prevent
recruitment of additiona grave from upstream in thewatershed. Consequent depletion of gravel in reaches
downstream of dams has resulted in channd incison and reduction in floodplain width (Reynolds et d.
1993). During periods of high discharge, river stage within the incised channd may increase dramaticdly,
and high velocitiesand lack of cover may result in premature downsiream displacement of juvenile saimon.

Gravel mining has also resulted in the crestion of onstream ponds that provide idedl habitat for predators
and function asbarriersto outmigrating juvenile sdmon (DWR 1994). On-channd grave pitsare prevaent
downstream of Highway 59. Loss of juvenile sdmon to bass predation is not well documented but is
potentialy high, particularly under drought conditions, when flow during outmigration islow. Grave pits
may a0 act astrgps for gravel mobilized during high flows.

Abandonment of much of the historical floodplain has resulted in confinement of riparian communities to
narrow corridors within the banks of the incised channd (Reynolds et d. 1993). Riparian vegetation has
aso been removed to facilitate agriculturd practices, grazing, urban development, and gravel mining.

Reduced coverage by riparian vegetationis probably an important factor contributing to increased ambient
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ar and water temperatures in river reaches that are currently used by chinook saimon (Reynolds et d.
1993).

Description of the proposed action:

1) Spawning gravel restoration, replacement, and maintenance.

2) Elimination of connected, off-channel pools that increase water temperature and provide
habitat for predators.

3) Surveying to determine possible and practical gods for restoration of river/floodplain
functions under the probable flow regime.

4) Acquistion of floodplain and riparian lands required to meet restoration goal's established
under 3.

5) Reegtablishment of channedl configuration and river/floodplain and riparian relationships.

6) Management of the watershed to reduce inputs of sediment, pesticides, and other
substances with potential deleterious effects. Measures considered would include land
purchase, incentivesto improve land use practices, and construction of sediment retention
basins.

Related actions: Flow and water temperature actions.
Agency and organization roles and responghilities: The action would require cooperation and

coordination between multiple federd, sate, and local agencies and numerous private land owners and
interest groups.

Potential obstacles to implementation Available funds may be insufficient for purchasing lands
needed for comprehensive restoration.  Accderating development and condruction within the river
floodplain will increase opposition to acquisition and restoration. Land owners and others may object to
changes and regtrictions in alowed uses for riparian lands.

Projected benefits: The team beieves that implementing this action has the potentid to reduce the
magnitude of flows needed to restore natura production of chinook samon in the Merced River.

Reegtablishing the naturd stream channd, diminating on-channd grave pits, and restoring riparian
vegetation would contribute to reducing water temperature. Reducing bank and floodplain eroson and
increasing sediment transport capability by reconfiguring the stream channd should increase egg surviva by
maintaining clean spawning grave. Increasesin cdean grave should increase production of invertebratesthat
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providefood to juvenile salmon and other species. Increased instream cover would be expected to reduce
juvenile mortaity by providing refuge from predators. The technica team believes that implementation of
thisaction, in concert with other recommended actions, would double production of fall-runchinook sdmon
inthe Merced River. A return to more natura conditions would be expected to benefit native fish species
besides chinook saimon and steelhead. Although Section 3406(b)(1) does not establish goas for these
species, implementing actionsthat will provide benefitsfor them iscongstent with theintent of the CVPIA.

Action 5: Ingdl and maintain fish protection devices at riparian pumpsand diversons, prior to ingtalation,
restrict pumping to daylight hours.

Objective: Reduce or diminate loss of juvenile chinook salmon resulting from entrainment by pumps and
diversons.

Location Merced River from Crocker-Huffman Diverson downsream to the San Joaquin River
confluence.

Narrative description: Substantia numbersof juvenile sdmon are potentialy vulnerableto entrainment at Six
medium-Sized irrigation diversions within the sdlmon spawning reech of the Merced River.  Although the
magnitude of the resulting lossesisnot known, there areindicationsit could be substantia (Hallock and Van
Woert 1959). Rock screens have been ingtalled at four of these diversions, but these have been only
moderately effective a preventing juvenile sdmon entranment.  In addition, there are 68 smdl pump
irrigation diversons, none of which are adequately screened to prevent juvenile sdlmon entrainment.

Theavailable datafor chinook saimonis other sysemsindicate that much of the downstream movement of
fry occurs a night (Healy 1991). To reduce entrainment prior to ingalation of fish protection devices,
interim guidelines redtricting pumping and diversion to daylight hours should be adopted.

Related actions: CVPIA screening program (3406[b][21]) required by Title 34.

Agency and organization rolesand responsibilities: DFG hasaready begun aninventory of riparian
diversons. USFWS will be adminigtering a screening program as one dement of the CVPIA.

Potential obstaclesto implementation: Protection devices might reducetheefficency of diversonsor
require additiona maintenance effort on the part of diverters.

Projected benefits: The San Joaguin Basin Technical Team believesthat ingtalation of effective protection
devices, in concert with other actions recommended by the team, would double production of fal-run
chinook salmon in the Merced River.
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Action 6: Provide additiona law enforcement.

Objective: Increase spawning success, reduce entrainment, and prevent additional destruction of stream
habitet.

Locationn Merced River from Crocker-Huffman Diverson downstream to the confluence with the San
Joaquin River.

Narrative description: Provide additiond |aw enforcement coverageto protect sdimon habitat downstream
of Crocker-Huffman Diverson through diligent enforcement of screening, water pollution, and streambed
dteration Fish and Game Code sections (DFG 1993). If this cannot be accomplished through year-round
gopointments, at least increase law enforcement efforts during the period of October-December to curb
poaching losses (San Joaquin River Management Program Advisory Council 1993).

Related actions: Inddlation of fish protection devices; habitat restoration and protection.

Agency and organization rolesand respongibilities: Implementation of thisactionwould primearily be
the respongibility of DFG, dthough other law enforcement or regulatory authorities might be involved.

Potential obstacles to implementation DFG funding and manpower congraints.

Projected benefits: The San Joaquin Basin Technica Team believes that implementation of thisaction, in
concert with other actionsrecommended by the team, would doubleproduction of fal-run chinook sdmon
in the Merced River.

Action 7: Provide fish passage around reservoirs.

Objective: Increase production and minimize impacts on water interests by providing access to additiona
spawning/rearing habitat upstream of reservoirs.

Location Lake McClure, Lake McSwain, and Crocker-Huffman Diverdon.

Narrative description

1) Evduate feasihility, benefits, and costs in terms of fish production and impacts on water
users and other interest groups.

2) Depending on the outcome of the eval uation, design and congtruct fish passage structures,
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3) Modify operdtion of reservoirs to facilitate downsiream migration of juvenile sdmon.

Reated actions: Becauseit hasthe potentid to reducethe level of restoration needed in the lower
reach of theriver, providing passage around damsis related to al other actions. Reservoir drawdown to
facilitate juvenile outmigration has the potentid to affect downstream flow. Providing adequate reservoir
releases to maintain suitable water temperatures for migrating chinook salmon during spring and fal would
continue to be important.

Agency and organization rolesand responsibilities: Evauating feagbility would bethe respongibility
of DFG, USFWS, and the appropriate reservoir management authority. Implementation would necessitate
cooperation between multiple agencies and water users groups.

Potential obstacles to implementation: Thefeasihility of this gpproach hasnot been evauated, and
the costs of congtructing functiond fish passage structuresfor juvenile and adult saimon would probably be
high. Thesuitability of habitat for meeting anadromous sdlmonid life history requirementsin stream reaches
above exigting reservoirsis not well known. Operation of reservoirsto facilitate fish passage could entall
higher water coststhan mesting fish flow needsin downstream reaches. Feasibility and cost/benefit analyses
would be conducted in the evauation phase and would determine whether this action presents a viable
option for anadromousfish restoration. Thetypesof activitiesrequired to movefish around reservoirs may
not be consstent with provisions and the intent of Title 34.

Projected benefits: Theteam bdlievesthat providing accessto stream reaches above reservoirs could result
inincreasesin natura production that would exceed the god's established under the AFRP. By increasing
the quantity of habitat availablefor spawning and rearing, ingtdlation of functiona fish passage structureshas
the potential to reduce the scope of restoration actions required in the reach from Crocker-Huffman
Diversion to the San Joaquin River confluence and reduce coststo other user groups. Providing accessto
reaches upstream of damsmay beessentid if restoration effortsare going to have any benefitsfor stee head
production in the Merced River.

Tuolumne River
Limiting factors and potential solutions -

Table 3-Xd-5. Limiting factors and potentiad solutionsfor San
Joaquin Basin fdl-run chinook saimon in the Tuolumne River.

Limiting factor Potentid solutions
1. Timing and magnitude of Implement aflow schedule thet will provide suitable
flow are inadequate to conditions for dl life stages of chinook sdmon
provide conditions required
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Limiting factor

Potentid solutions

for adult migration,
pawning, incubation,
rearing, and juvenile

outmigration
Water temperature Manage New Don Pedro and LaGrange reservoirsto
problems: reduce temperature of water discharged to the

(8) Elevated fall water
temperatures delay adult
migration and spawning,
which may result in delayed
outmigration and reduced
aurviva of juveniles

(b) Elevated spring water
temperatures reduce surviva
of juvenile outmigrants

Tuolumne River during fall
Modify timing and magnitude of flow

Restore bank and riparian vegetation

Egg mortdity, redd
dewatering, and juvenile
dranding resulting from
peaking power operation of
hydrod ectric facilities and
rgpid changesin reservoir
discharge for other
purposes

Prevent redd dewatering by prohibiting flow reduction
from the completion of spawning through emergence

Reduce sranding by establishing suitable ramping rates
Evauate benefits and impacts of redirecting flows
released to meet peaking power demands into the
cand system

Reduce egg mortdity due to substrate mobilization by
reducing the magnitude of pesaking power fluctuations.

Re-regulae or sabilize flow fluctuations using
LaGrange Dam.

Degradation of conditions
for chinook salmon resulting
from dteration of stream,
riparian, and floodplain

Provide funding to enforce sate and federd laws
pertaining to stream channe dteration

Increase public awareness; provide incentives for
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Limiting factor Potentid solutions
habitat reporting violaions
3. Providefunding for stream habitat restoration
5. Sedimentation of remaining 1. Fadlitate transport of fine sediments by restoring the
spawning gravel ba ance between river channd configuration and flow
regime
2. Mechanicdly clean spawning gavelsthat have been
degraded as aresult of sedimentation
3. Congtruct retention basins and support land use
practices that reduce sediment input.
6.  Lack of spawning grave 1. Increase pawning grave recruitment from banks and
recruitment floodplain by reestablishing river/floodplain hydrology
and dynamics
2. Replenish spawning grave from outside sources
7.  Reductioninoverdl quantity | Determinefeashility of modifying mgor damsto reestablish
of accessble spawning and adult salmon access to upstream habitat and provide safe
rearing habitat asaresult of | passage for outmigrating juvenile saimon.
obgtruction of migration by
dams
8.  Entranment of juvenile 1.  Provide other water sources and diminate diversons
chinook salmon at 36 smal,
unscreened pump diversons | 2. Screen or otherwise modify pumps and diversonsto
prevent entrainment of juvenile chinook sdmon
9.  Predation onrearing and 1. Increase harvest limits on predator species and enlist
outmigrating juvenile anglers to implement a concerted predator
chinook salmon reduction/control program
2. Eliminate or isolate predator habitat
10. Poor water quaity resulting 1.  Provide funding to increase enforcement of date laws

from point and nonpoint
discharge of pollutants and

pertaining point- and nonpoint-source pollution
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Limiting factor Potentid solutions
toxic compounds 2. Strengthen existing water quality standards to provide

protection for chinook salmon as needed

3. Increase public awareness; provide incentives for
reporting violaions

4.  Manage resarvoir releases to provide adequate dilution
of pollutants and toxic compound loading rates

11.  lllegd harvest of adult 1.  Provideadditiond law enforcement from LaGrange
chinook salmon Dam downstream to the confluence with the San
Joaguin River during times when adult simon arein
the river

2. Incresseincentivesfor reporting violations

Restoration actions -

Action 1: Modify existing flow schedule (Table 3-Xd-6).

Objective: Provide adequate flow for al life stages of chinook salmon.

Location: Tuolumne River from LaGrange Dam downstream to the confluence with the San Joaquin River.

Narrative description: New Don Pedro Reservoir isthelargest reservoir (2.0 maf) onthe Tuolumne River;
LaGrange Dam is the downstream barrier to sdmon migration. In 1964, FERC issued a license to the
Turlock and Modesto Irrigation Districts (TID/MID) to operate the New Don Pedro Project. Thelicense
agreement included minimum instream flow requirements. Additionaly, Artidle 39 of thelicensecdledfor a
20-year fisheries eva uation by cooperating agencies, including TID/MID, DFG, and USFWS, to determine
measures needed to ensure continuation and maintenance of the lower Tuolumne River chinook sdmon
populations. At the end of the evaluation period, dl parties were to submit recommendations to FERC.
Thisstudy began in 1971 and, because of the extended drought conditions, isongoing. In 1986, the study
agreement was amended to include two additiona flow schedules for norma water-year conditions.

The 1986 agreement does not provide adequate flow for adult migration, spawning, egg incubation, juvenile
rearing, Smolt emigration, or oversummering rearing of yearlings (Reynolds et a. 1993). In 1992, the
digtricts reached an agreement with DFG on arevised flow schedule for a 10-year interim period or until
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issuance of anew FERC license order. The didtricts filed results of their studies pursuant to Article 39;
however, the agreement has not been implemented because of lack of FERC gpprova. USFWS and the
City and County of San Francisco have been unwilling to sign the agreement and have filed their own
ingtream flow recommendations with FERC (TID/MID 1992).

FERC is presently preparing an EIS that will address fisheries issues for the New Don Pedro Project.
Various entities with an interest in the FERC process are attempting to reach a negotiated settlement with
the assistance of afederal mediator.

There is a postive rdationship between smolt surviva and spring flow in the Tuolumne River. Under the
1986 agreement, DFG dlocates as much flow as poss ble to the spring smolt migration period, but thetotal
amount of water availableisinsufficient to meet needsduring al timesof theyear. Insream flow sudiesby
DFG and USFWS indicate that substantialy higher flows are needed for salmon spawning and rearing on
thelower Tuolumne River than are possible with the present flow dlocations. Summer flowsaretoolow to
sugtain ether sdmon or stedhead but are sufficient to sustain large populations of predator fish that
contribute to losses of young salmon.

Table 3-Xd-6. Exising and AFRP-generated flow schedules for the Tuolumne River
from LaGrange Dam to the San Joaguin River confluence (cfs) by year type.

AFRP
Above Bdow
Month Existing’ Wet norma normd Dry Criticad

October 150-300 750° 300° 300° 200° 150°
November 200-300 1,250° 800 350° 300° 150°
December 150-250 1,400° 1,050° 350° 350° 200¢
January 150-250 1,700° 1,150¢ 500" 400° 250"
February 250 2,100° 1,700° 950 700° 500
March 300-250 2,300° 1,700° 1,300° 1,000° 900"
April 250-500 2,950° 2,450° 2,350° 1,900° 1,500°
May 100-200 5,150° 4,200° 3,350° 2,500° 1,850°
June 3 5,000° 3,250° 2,600° 1,550° 1,000°
July 3 2,150’ 900/ 650' 250' 200'
August 3 450' 200’ 100° 100° 509
September 3 350° 150° 150¢ 100° 50°
Totdl (taf) 128 1,544 1,078 782 564 411
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AFRP
Above Below
Month Existing® Wet normda normd Dry Criticd
Basdine (taf) NA 1,291 737 355 327 155
Unimpaired
(tef) NA 2,892 2,074 1,499 1,091 805

Note: All flows have been rounded to the nearest 50 cfs.

& Year type based on San Joaquin Basin 60-20-20 Index.

b Exigting flows based on FERC license agreement with TID/MID.

c Basad on USFWS IFIM spawning flow recommendations (USFWS unpublished data) and the
assumption that flowsgrester than historical flowsare needed to compensate for dimination of accessto

upstream habitat.

4 Based on historical (1922-1990) percent monthly distribution of total annua unimpaired runoff for the
Tuolumne River Basin and the assumption that flow should not be reduced between spawning and
outmigration to prevent redd dewatering or stranding of rearing juveniles.

¢ Basad on Verndis flow reguirement and historica (1922-1990) percent monthly contribution to total
annud unimpaired runoff.

" Based on historical (1922-1990) percent monthly distribution of total annual unimpaired runoff.

9 Flow based on USFWS IFIM recommendations.

Rdaed actions: Exising flow agreement, recommendations, and FERC negotiation process.
Verndis flow recommendations. Section 3408(h), purchase of land and water from willing sdlers.

Agency and organization roles and responsbilities: If the proposed flow recommendationswereto

be implemented, TID/MID, which jointly operate New Don Pedro Reservoir, would be responsible for
meeting the AFRP flow schedule. USFWS and DFG would be responsible for monitoring and adjusting
flow recommendations to ensure maximum benefits for chinook salmon.
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Potential obstaclesto implementation: Flows currently required or recommended are considerably
lower than flows that the San Joaguin Basin Technica Team believes would be required to double
production of chinook salmon in the Tuolumne River. Because Don Pedro Reservoir is not a CVP
impoundment, mesting technica team recommendations would require acquisition of water from willing
slers.

Projected benefits: The San Joaquin Basn Technica Team believes that implementation of this flow
schedule, in concert with other recommended actions, would double production of fall-run chinook sdmon
in the Tuolumne River.

Action 2. Adjust reservoir operations and releases to meet chinook salmon temperature requirements.

Objective: Maintain weter temperature within ranges suitable for chinook salmon migration, spawning,
incubation, rearing, and outmigration.

Location: TuolumneRiver from LaGrange Dam downstream to the confluence with the San Joaquin River.

Narrative description Elevated water temperature can dday migration and spawning activity in fall,
decrease egg surviva, and increase mortdity of outmigrating smoltsin spring (Reynolds et d. 1993).

Water temperatures in October frequently exceed acceptable levels for sdmon spawning in a least a
portion of the reach of the river used by spawning sdmon (Reynolds et d. 1993). This condition
contributes to delayed upstream migration and spawning. During the recent drought, the first spawners
arived in the lower Tuolumne River in early November, rather than in October asin previous years.

Elevated water temperatures in the lower Tuolumne River during the spring migration period may be a
sgnificant factor affecting smolt survival. Smolts migrating from the Tuolumne River during April and May
commonly encounter water temperatures that approach letha levels (DFG 1992).

Description of the proposed action:
Dates Water Temperature
October 15 - February 15 56°F
April 1- June 31 65°F

Related actions: FHow recommendations, restoration of riparian and instream habitat. Riparianand
instream habitat restoration and protection measures (Action 4) would facilitate effortsto maintain suiteble
water temperatures in the Tuolumne River.
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Agency and organization roles and responsibilities: If thisaction isimplemented, TID/MID would
be responsible for operating New Don Pedro Reservoir to meet the AFRP flow schedule. USFWS and
DFG would be responsible for monitoring temperatures and adjusting flow and reservoir operation
recommendations to ensure maximum benefits for chinook salmon.

Potential obstacles to implementation Maintenance of adequate temperatures may require flows
higher than those recommended in Action 1. Increasing the proportion of water dlocated to meseting fish
needswould reduce weter availableto meet needs of other user groups. Implementation would requirethe
purchase of additiond water. Maintaining awater temperature of 65°F during June may not be possible

Projected benefits: The San Joaquin Basin Technical Team believes that implementation of thisaction, in
concert with other actions recommended by the team, would double production of fal-run chinook sdmon
in the Tuolumne River.

Action 3: Reduce impacts of rgpid flow fluctuations.

Objective: Increase hatching success and juvenile surviva by reducing ramping rates and diminating flow
fluctuation during key periods.

Location: Tuolumne River from LaGrange Dam downstream to the San Joaguin River confluence.

Narrative description: Hydrodectric power releases into the lower Tuolumne River from the New Don
Pedro Project during the late spawning and rearing period (December through February) can cause
fluctuations in downstream flow that commonly range from 200 cfs to 4,500 cfs over a 24-hour period.
These releases are typicaly made in water years when there are no diversions for irrigation and when
releases are made in anticipation, or as adirect result, of flood control requirements.

Potential adverse impacts of rgpid flow fluctuations resulting from peaking power operation

and short-duration reservoir releasesfor other purposes may disrupt adult salmon migration and spawning,
scour or dewater redds, and affect emerging samon fry by stranding, downstream displacement, and
exposure to predation (Reynolds et d. 1993). The potentid for adverseimpactsis especidly great during
January and February, when fry are bundant and rely on passive mechanismsof dispersd to reech suitable
habitat (Reynolds et a. 1993). Stranding of juvenilesalmon fallowing rapid changesin discharge has been
documented a severa Stesaong thelower Tuolumne River and may beaprincipa factor affecting sdmon
surviva in years when power peaking releases occurs (Reynolds et a. 1993).

Thewindow of vulnerability for adverseimpacts of rapid flow fluctuations correspondsto the period when
juvenilefish are present in theriver, essentialy from the onset of spawning in October through outmigration
inlateMay or early June. Theteam recommends establishing periodswhen flow fluctuationisprohibited or
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incorporating standards for ramping rates that will prevent premature transport and stranding. If ramping
rateswere low enough to prevent stranding, peaking flows could be used to stimulate and facilitate juvenile
outmigration during April and May. Redirection of flow into canal systems has been proposed by other
groupsto alow continued pesking power operation while minimizing impacts on anadromousfish (Reynolds
et a. 1993).

Dates Recommendation

October 1 - March 31 | Cease peaking power operation or establish minimum stream stage to
prevent redd dewatering and ramping rates to prevent premature
trangport and stranding of juvenile fish. Reduce magnitude of
fluctuations to prevent sediment mobilization.

April 1- May 1 Reduce the rate of recession for peaking flows to prevent stranding
of juvenilefish.

Redated actions: Flow and temperature recommendations.

Agency and organization rolesand responsibilities: MID/TID and FERC, in cooperationwith DFG
and USFWS, would be responsible for establishing the schedule and standards for ramping rates.

Potential obgtaclesto implementation: Modifying hydroelectric plant operationsto protect juvenile
fish could result reduced operationd flexibility and a reduction in revenues generated by the sde of
electricity during period of high demand. Redirection of peaking flowsinto cana's could reduce the quantity
of water available during other times and for other uses.

Projected benefits: The San Joaquin Basin Technical Team believes that implementation of thisaction, in
concert with other actions recommended by the team, would double production of fall-run chinook sdmon
in the Tuolumne River.

Action 4. Conduct sequentia restoration of instream and riparian habitat.

Objective: Ensure the long-term sustainability of physicd, chemica, and biologica conditions needed to
meet production goas for chinook salmon through restoration and protection of the stream ecosystem.

Location: LaGrange Dam downstream to the confluence with the San Joaguin River.
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Narrative description: Physical habitat for salmon spawning and rearing has deteriorated as aresult of a
number of factors, many of them related to reduced ingtream flow. Problemsinclude siltation of spawning
gravel, lossof sde channdsand channd diversity, and reduced recruitment of spawning gravel totheactive
stream channd (Reynolds et d. 1993).

In-channd gravel mining has removed spawning gravel and resulted in the creation of onstream ponds that
provide ided habitat for predators and function as barriers to outmigrating juvenile sdlmon (DWR 1994).
Loss of juvenile sdmon to predation is not well documented but is potentidly high, particularly under
drought conditions, when flow during outmigration is low.

Damshave diminated the natural process of gravel recruitment from upsiream reaches. Asaconsequence,
gravel in reaches downstream of dams has become depleted, resulting in channd incision and reductionin
floodplain width (Reynolds et a. 1993). During periods of high discharge, river stage within the incised
channdl may increase dramaticaly, and high velocities and lack of cover may result in premature down-
stream displacement of juvenile chinook salmon.

Abandonment of much of the historical floodplain has resulted in confinement of riparian communities to
narrow corridors within the banks of the incised channd (Reynolds et d. 1993). Riparian vegetation has
aso been removed to facilitate agricultura practices, cattle grazing, urban development, and gravel mining.
Reduced coverage by riparian vegetation is an important factor contributing to increased ambient air and
water temperatures in river reaches that are currently used by chinook salmon (Reynolds et d. 1993).

The proposed action conssts of the following:
1) Spawning gravel retoration, replacement, and maintenance.

2) Elimination of connected, off-channel pools that increase water temperature and provide
habitat for predators.

3) Surveying to determine possible and practical gods for restoration of river/floodplain
functions under the probable flow regime.

4) Acquistion of floodplain and riparian land required to meet retoration goals established
under 3.

5) Reestablishment of channd configuration and river/floodplain and riparian relationships.
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6) Management of the watershed to reduce inputs of sediment, pesticides, and other
substances with potential deleterious effects. Measures considered would include land
purchase, incentivesto improve land use practices, and construction of sediment retention
basins.

Reated actions: Flow and water temperature recommendations.
Agency and organizaion roles and responshbilities  Action would require cooperation and

coordination between multiple federa, state, and local agencies and numerous private land owners and
interest groups.

Potential obstacles to implementation  Available funds may be insufficient for purchasing lands
needed for comprehensive restoration. Land owners and others may object to changes and restrictionsin
dlowed usesfor riparian lands. Accederating development and congtruction within theriver floodplain will
increase opposition to acquisition and restoration.

Projected benefits: Theteam believesthat implementing this action hasthe potentia to reduce the magnitude
of flows needed to restore naturd production of chinook saimonin the Tuolumne River. Reestablishing the
natura stream channd, diminating on-channd grave pits, and restoring riparian vegetation would contribute
to reducing water temperature. Reducing bank and floodplain eroson and increasing sediment transport
cgpability by reconfiguring the stream channd should increase egg survival by maintaining clean spawning
gravel. Increasein clean gravel should increase production of invertebrates that provide food to juvenile
salmon and other species. Increased instream cover would be expected to reduce juvenile mortality by
providing refuge from predators. Thetechnica team believesthat implementation of thisaction, in concert
with other recommended actions, would double production of fal-run chinook samonin the Tuolumne
River. A returnto morenatural conditionswould be expected to benefit native fish speci es bes des chinook
sdmon and steelhead. Although Section 3406(b)(1) does not establish gods for these species,
implementing actions that will provide benefits for them is congstent with the intent of the CVPIA.

Action 5: Inddl fish protection devices a riparian pumps and diversons; prior to ingdlation, restrict
pumping to daylight hours.

Objective: Reduce or diminate loss of juvenile chinook salmon resulting from entrainment by pumps and
diversons.

Location Tuolumne River from LaGrange Dam downstream to the San Joaquin River confluence.

Narrative description: Thirty-six smdl pump diversions, none of which are adequately screened to protect
juvenile salmon, are located on the lower Tuolumne River (Reynoldset d. 1993). The cumulative loss of
young samon at these diversons resulting from entrainment is not known but is potentialy substantia
(Halock and Van Woert 1959).
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The available datafor chinook sdmon in other systemsindicate that downstream movement of fry occurs
mainly at night (Hedy 1991). To reduce entrainment prior to indtalation of adequete fish protection
devices, interim guiddines restricting pumping and diversion to daylight hours should be adopted.

Related actions: The CVPIA screening program (3406[b][21]) required by Title 34 is a likely
source of funding.

Agency and organization roles and responsibilities: A DFG survey of unscreened diversonsinthe
San Joaquin Basin is underway. The action would be implemented by USFWS and DFG under
3406(b)(21) and would require cooperation with private land owners and other water right holders.

Potential obstaclesto implementation: Protection devices might reducethe efficiency of diversons
or require additiond maintenance effort on the part of diverters.

Projected benefits: The San Joaguin Basin Technica Team bdievesthat ingdling fish protection devices at
riparian diversons, in concert with other actions recommended by the team, would double production of
fdl-run chinook sdmon in the Tuolumne River.

Action 6: Provide additiona law enforcement coverage to protect againg illegd take of sdmon, stream
dteration, and water pollution and to ensure adequate protection for juvenile sdmon at pumps and
diversons.

Objective: Increase spawning success, reduce entrainment, improve water quality, and prevent additiona
destruction of stream habitat.

Location Tuolumne River from LaGrange Dam to the confluence with the San Joaquin River.
Narrative description: Increased enforcement of sections of the Fish and Game Code pertaining to illega

harvest of adult sdmon, screening, water pollution, and streambed ateration would provide additiona
protection for chinook salmon (Reynolds et a. 1993).

Related actions: Continuing prohibition on recreetiona harvest, screening, and habitat restoration
and protection.

Agency and organization rolesand respongibilities: Implementation of thisaction would primarily be
the responghility of DFG, athough other law enforcement or regulatory authorities might be involved.

Potential obstacles to implementation DFG funding congraints.
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Projected benefits. The San Joaguin Basin Technicad Team believes that increased enforcement of the
gpecified sections of the CdliforniaFish and Game Code, in concert with other actionsrecommended by the
team, would double production of fall-run chinook sdmon in the Tuolumne River.

Action 7: Provide fish passage around reservoirs.

Objective: Increase production and minimize impacts of anadromousfish restoration on water interests by
providing access to additiona spawning/rearing habitat upstream of reservairs.

Location LaGrange and New Don Pedro reservoirs.

Narrative description

1) Evduate feasbility, benefits, and costs in terms of fish production and impacts on water
users and other interest groups.

2) Depending on the outcome of the eval uation, design and congtruct fish passage structures,
3) Modify operdtion of reservoirs to facilitate downstiream migration of juvenile sdmon.

Redated actions: Becauseit hasthe potential to reduce the level of restoration needed in the lower
reach of the river, providing passage around damsis related to dl other actions. Reservoir drawdown to
facilitate juvenile outmigration has the potentid to affect downstream flow. Providing adequate reservoir
releases to maintain suitable water temperatures for migrating chinook salmon during spring and fal would
continue to be important.

Agency and organization rolesand responsibilities: Evauating feagbility would bethe respongibility
of DFG, USFWS, and the appropriate reservoir management authority. Implementation would necessitate
cooperation between multiple agencies and water user groups.

Potential obstacles to implementation: Thefeashility of this gpproach hasnot been evauated, and
the costs of congtructing functiona fish passage Sructuresfor juvenile and adult salmon would probably be
high. Thesuitability of habitat for meeting anadromous salmonid life history requirementsin stream reaches
above exigting reservoirsis not well known. Operation of reservairsto facilitate fish passage could entall
higher water cogts than meeting fish flow needsin downstream reaches. Feasibility and cost/benefit analyses
would be conducted in the evaluation phase and would determine whether this action presents a viable
option for anadromousfish restoration. Thetypesof activitiesrequired to movefish around reservoirs may
not be consstent with provisions and the intent of Title 34.
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Projected benefits: Theteam believesthat providing accessto stream reaches above reservoirs could result

inincreasesin natura production that would exceed the goal s established under the AFRP. By increasing
the quantity of habitat availablefor spawning and rearing, ingtdlation of functiond fish passage Sructureshas
the potential to reducethe scope of restoration actionsrequired in the reach from LaGrange Damtothe San
Joaquin River confluence and reduce cogtsto other user groups. Thisaction may beessentid if restorationis

going to benefit sedhead production in the Tuolumne River.

Sanislaus River

Limiting factors and potential solutions -

Table 3-Xd-7. Limiting factors and potentid solutions for San
Joaquin Basin fdl-run chinook sdmon in the Stanidaus River.

and floodplain habitat

Limiting factors Potentid solutions
1. Timing and magnitude of flow Implement aflow schedule that will provide suitable
are inadequate to provide conditionsfor dl life stages of chinook sdmon
conditions required for adult
migration, spawning,
incubation, rearing, and
juvenile outmigration
2. Water temperature problems: 1. Manage New Mdones, Tulloch, and Goodwin
reservoirs to reduce temperature of water
(a) Elevated fdl water discharged to the Stanidaus River during fdl
temperatures delay adult
migration and spawning, which 2. Modify timing and magnitude of flow
may result in delayed
outmigration and reduced 3.  Restore bank and riparian vegetation
surviva of juveniles
4.  Modify or remove Old Meones Dam to facilitate
(b) Elevated spring water fal release from New Meones Reservoir of water
temperatures reduce surviva of within the temperature range suitable for spawning
juvenile outmigrants and incubation
3.  Degraded ingtream, riparian, 1.  Providefunding to increase enforcement of date

and federd laws pertaining to stream channel
dteration

3-X0-31
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Limiting factors Potentid solutions
2. Increase public awareness; provide incentives for
reporting violaions
3. Provide funding for stream habitat restoration
4.  Sedimentation of remaining 1. Fadlitate trangport of fine sediments by restoring
spawning gravel the balance between flow regime and river channel
configuretion
2. Mechanicdly clean spawning gravel that have been
degraded as aresult of sedimentation
3. Condtruct retention basins and support land use
practices that reduce sediment input
5. Lack of spawning gravel 1.  Increase pawning grave recruitment from banks
recruitment and floodplain by reestablishing river/floodplain
hydrology and dynamics
2. Replenish spawning gravel from outside sources

6. Reduction in overal quantity of

Determine feagbility of modifying mgor damsto

accessible spawning and reestablish adult sdlmon access to upstream habitat and
rearing habitat as aresult of provide safe passage for outmigrating juveniles
obstruction by dams
7.  Entranment of juvenilechinook | 1.  Provide other water sources and iminate
samon at 44 small, unscreened diversons
pumps
2. Screen or otherwise modify pumps and diversions
to prevent entrainment of juvenile chinook salmon
8.  Predation on rearing and 1.  Increase harvest limits on predator species and
outmigrating juvenile chinook enlist anglers to implement a concerted predator
sdmon reduction program
2. Eliminate or isolate predator habitat
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Limiting factors Potentid solutions
9.  Poor water qudity resulting 1.  Providefunding to enforce state laws pertaining to
from point and non-point point- and nonpoint- source pollution

source discharge of toxic
chemicds and other pallutants 2. Strengthen existing water qudity standards to
provide protection for chinook salmon as needed

3. Increase public awareness; provide incentives for
reporting violations

4.  Provide funding for stream habitat restoration
projects

10. lllegd harvest of adult chinook 1.  Provide additiond law enforcement from Goodwin

samon Dam downstream to the confluence with the San
Joaquin River during times when adult sdlmon arein
theriver

2. Increase public awareness and incentives for
reporting violaions

Restoration actions -

Action 1. Modify exiging flow schedule (Table 3-Xd-8).

Objective: Manage flows to benefit dl life stages of chinook salmon.

Location Stanidaus River from Goodwin Dam downstream to the confluence with the San Joaquin River.

Narrative description: While New Me ones Reservair isthelargest impoundment (2.4 me) inthe Stanidaus
River Basn, Goodwin Dam isthe downstream barrier for sdmon migration (Reynoldset . 1993). Exidting
releases to meet needs of chinook sdmon in the lower Stanidaus River are specified in a 1987 study
agreement between DFG and USBR (DFG and USBR 1987). Thisagreement specifiesinterim annud flow
alocations of 98,300 af to 302,100 af, depending on New Melones Reservoir carryover storage and
inflow. Since the agreement was signed, water shortages have limited the quantity of water alocated to
meeting fish needsto 98,300 &f indl years. Thisquantity has proven to beinadequatefor surviva of dl life
stages of chinook sdmon (Loudermilk 1994). New Melones Reservoir rel easesto meet Sacramento-San
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Joaquin Delta water quality requirements have provided additiona benefits for Stanidaus River chinook
sdmon in some years.

The DFG/USBR agreement providesfor a7-year sudy with seven sudy dementsthat arein various tages
of completion. To date, results of smolt survival studies by DFG and a 1992 ingream flow study by

USFWS have yidded aufficient data to dlow formulaion of minimum ingtream flow schedules with

increased dlotmentsfor fish. In August 1992, DFG submitted revised flow schedulesto USBR and DWR.
The revised flows range from 185,280 af to 381,498 af (Reynolds et a. 1993). DFG has indicated that
these are minimum flows that are subject to revision upon completion of the remaining studies (Reynoldset
a. 1993). The purpose of establishing minimum flows is to maintain the current population or prevent
further decline aswater demands increase (Reynolds et d. 1993); akey assumption of the technica team
was that doubling natura production would require flows higher than the specified minimum flows.

Escapement of adult chinook salmon into the Stanidaus River is associated with spring outflow in both the
San Joaquin River a Verndisand the Stanidaus River a Ripon (DFG 1987). Delay of adult migrating and
gpawning resulting from factorsrelated to low flow infdl isalso aconcern (DFG 1992). Unfortunatdly, the
exigting alocation has proven insufficient to meet both fal and spring flow needs.

The San Joaguin Basin Technical Team has recommended a flow schedule that it believes will achieve the
god of doubling natural production (Table 3-Xd-8).

Table 3-Xd-8. Exigting and proposed flow schedules for the Stanidaus River
from Goodwin Dam to the San Joaquin River confluence (cfs) by year type.

AFRP

Above Beow
Month Exising? Wet norma normda Dry Critica
October -- 350° 350° 300° 250° 250°
November -- 400° 350° 300° 300° 250°
December -- 850° 650° 300° 300° 250°
January - 1,150° 800° 300 300¢ 250
February -- 1,450° | 1,150° 700° 450" 300
March -- 1,550° | 1,150° 850° 650° 550°
April -- 2,100"| 1,800 1,750' 1,250 950/
May -- 3,500 | 2,750 2,050 1,400' 900!
June -- 2,650 | 1,600 1,300 700' 450'
July -- 900° 400° 350" 200" 250"
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AFRP”
Above Below
Month Existing’ Wet normal normal Dry Critical

August -- 350" 300" 250" 200" 200"
September -- 350" 300" 250" 200" 200"
Totd (taf) 98 - 302 943 701 525 375 290
Basdline (taf) 1,015 722 406 242 269
Unimpaired (taf) 1,772 | 1,291 920 631 449

Note: All flows have been rounded to the nearest 50 cfs.

a

Y ear type based on San Joaquin Basin 60-20-20 Index.

Existing flows based on agreement between USBR and DFG (DFG and USBR 1987). Actud schedule
determined on an annud basis.

Flow based on USFWS IFIM spawning recommendations (Aceituno 1993, Reynoldset d. 1993) and
the assumption that flow greater than unimpaired flow is needed at thistime of the year to compensate
for dimination of accessto upstream habitat.

Based on USFWS IFIM spawning flow recommendations and the assumption that flow should not be
reduced between spawning and outmigration to prevent redd dewatering and stranding of rearing
juveniles.

Based on historical (1922-1990) percent monthly contribution to total annua unimpaired runoff for the
Stanidaus River Basin and the assumption that flow should not be reduced between spawning and
outmigration to prevent redd dewatering or stranding of rearing juveniles.

Stanidaus River contribution to Verndisflow standard. Based on historical monthly contribution of the
Stanidaus River to total unimpaired runoff for the San Joaguin River Basin, 1922-1990.

Based on higtorical (1922-1990) percent monthly contribution to total annua unimpaired runoff for the
Sanidaus River Basin.

Based on USFWS IFIM flow and assumption that flow greater than unimpaired flow is needed to
compensate for eiminations of access to upsiream habitet.
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Related actions: Existing flow agreement between USBR and DFG. Verndisflow recommendetions.
Section 3406(b)(2) of Title 34, annua dedication of 800,000 af of water for fish, wildlife, and habitat
restoration purposes. Section 3408(h), purchase of land and water from willing sdllers.

Agency and organization roles and responshilities:  Implementation of this action will require
cooperation and coordination between USFWS, DFG, USBR, and numerous water user groups and
irrigation didricts.

Potential obstaclesto implementation: Neither the existing USBR/DFG agreement nor the 800,000 af
of water dedicated to fish and wildlife purposes by 3406(b)(2) of Title 34 are sufficient to meeting flow
needsidentified by the AFRP. Implementing thisflow schedule would reduce water availableto meet nesds
of other user groups and would thus require purchase of additional water.

Projected benefits: The San Joaguin Basn Technical Team bdieves that implementation of this flow
schedule, in concert with other recommended actions, would double production of fall-run chinook sdmon
in the Stanidaus River.

Action 2. Operate New Meones, Tulloch, and Goodwin reservoirsto meet chinook salmon temperature
requirements.

Objective: Mantain water temperature within ranges suitable for chinook salmon spawning, incubation,
rearing, and outmigration.

Location Stanidaus River from Goodwin Dam downstream to the confluence with the San Joaquin River.

Narrative description:  Water temperature in the lower Stanidaus River is influenced by ambient air

temperature, flow, channd width, New Meones Reservoir storage, diversons and thermocline
development, and Tulloch Reservoir temperatures and operations (Reynolds et d. 1993). Whenfdl storege
inNew MelonesReservoir islow, water temperature throughout spawning reaches of theriver can exceed
56°F until November (Pisano 1992). During the recent drought, theinitid date on which sdmon entered
theriver to spawn was delayed from October until mid-November (DFG 1992). Inadditionto delayingthe
onset of spawning, temperaturesin excessof 56°F may result in increased mortaity of eggs (Pisano 1992).

In spring, elevated water temperaturesin the Stanidaus River, the San Joaquin River, and the Deltareduce
surviva of outmigrating smolts. During May, sdlmon smolts migrating downstream in the Stlanidaus River
typicaly encounter water temperatures that cause physiologica stress (DFG 1992). Because ther

emergence and migration are delayed, the progeny of late- spawning fish are at greeter risk of being exposad
to stressful or lethal water temperatures (DFG 1992).
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Although thereis good evidence to support the need for a temperature standard, the understanding of the
rel ationship between temperature and flow in the Stanidaus River isincomplete. Linking an existing USBR
temperature modd (Rowell 1993) with aUSFWSinstream flow mode (Aceituno 1993) should providethe
additiond information needed for managing water temperatures by modifying timing and magnitude of

reservoir relesses.

The proposed action conssts of the following:

Dates Water temperature
October 15-February 15 56°F
April 1-June 31 65°F

Related actions: FHow recommendations, comprehendve restoration of riparian and instream habitat,
and modification of Old MeonesDam. Riparian and instream habitat restoration and protection measures
(Action 4) would facilitate efforts to maintain suitable water temperatures in the Stanidaus River.

Agency and organization roles and responghilities: USBR would beresponsiblefor operating New
MeonesReservoir to meet temperature sandards. USFWS and DFG would be responsiblefor monitoring
and adjusting recommendations to ensure maximum benefits for chinook salmon.

Potentid obstacles to implementation Maintenance of adequate temperatures may require higher
flowsthan thoserecommended under Action 1. Increasing the proportion of water allocated to meeting fish
needs would reduce water available to meet needs of other user groups. Therefore, implementation would
require purchase of additiond water. Maintaining a water temperature of 65°F during June may not be

possible.

Projected benefits The San Joaquin Basin Technicd Team believes that meeting the recommended
temperature criteria, in concert with other actions recommended by the team, would double production of
fal-run chinook sdimon in the Stanidaus River.

Action 3: Conduct sequentia restoration of instream and riparian habitat.

Objective: Ensure the long-term sustainability of physicd, chemica, and biologica conditions needed to
meet production goas for chinook salmon.

Location: Stanidaus River from Goodwin Dam downstream to the confluence with the San Joaguin River.
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Narrative description: Physical habitat for sdmon spawning and rearing has deteriorated as aresult of a
number of factors, many of them related to reduced ingtream flow. Problemsinclude siitation of spawning
gravel, lossof sde channdsand channd diversity, and reduced recruitment of spawning gravel totheactive
stream channd (Reynolds et d. 1993).

In-channd gravel mining has removed spawning gravel and resulted in the cregtion of onstream ponds that
provide ided habitat for predators and function as barriers to outmigrating juvenile ssimon (DWR 1994).
Loss of juvenile sdmon to bass predation is not well documented but ispotentialy high, particularly under
drought conditions, when flow during outmigration is low.

Upstream of the town of Riverbank, habitat has been lost as of result of relocation and channelization to
accommodate congtruction of Highway 108-120 (Reynoldset d. 1993). In contragt, theriver downstream
of Riverbank hasretained much of itsorigind sinuosity (Reynoldset d. 1993). High Snuosity isassociated
with greater habitat diversty and relatively good retention of gravel during flood events (Reynolds et al.
1993).

Dams have diminated the naturd process of gravel recruitment from upstream reaches. Asaconsequence,
gravel in reeches downstream of dams has become depleted, resulting in channd incision and reduction in
floodplain width (Reynolds et d. 1993). During periods of high discharge, river stage within the incised
channel may increase dramaticaly, and high velocities and lack of cover may result in premature
downstream displacement of juvenile chinook sdmon (Reynolds et d. 1993).

Abandonment of much of the historica floodplain has resulted in confinement of riparian communities to
narrow corridors within the banks of the incised channel (Reynolds et d. 1993). Reduced coverage by
riparian vegetation is an important factor contributing to increased ambient air and water temperaturesin
river reeches that are currently used by chinook salmon (Reynolds et a. 1993).

The proposed action congsts of the following:

1) Spawning gravel restoration, replacement, and mai ntenance.

2) Himination of connected, on-channel ponds that increase water temperature and provide
habitat for predators.

3) Surveying to determine possible and practicd gods for restoration of river/floodplain
functions under the probable future flow regime.

4) Acquistion of floodplain and riparian land required to meet retoration goa's established
under 3.

5) Reestablishment of channed configuration and river/floodplain and riparian relaionships.
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6) Management of the watershed to reduce inputs of sediment, pesticides, and other
substances with potential deleterious effects. Measures considered would include land
purchase, incentivesto improve land use practices, and construction of sediment retention
basins.

Related actions: Flow and water temperature actions.

Agency and organization roles and responshilities: This action would require cooperation and
coordination between multiple federd, state, and local agencies and numerous private land owners and
interest groups.

Potential obstaclestoimplementation: Availablefunds may beinsufficient to purchase lands needed
for comprehensverestoration. Land ownersand others may object to changes and restrictionsin alowed
uses for riparian lands. Acce erating development and congtruction withintheriver floodplain will increase
oppaosition to acquigtion and restoration.

Projected benefits. The team believes tha implementing this action has the potentid to reduce the
magnitude of flows needed to restorenaturd production of chinook sdmon in the Stanidaus River.

Reestablishing the naturd sream channd, diminaing on-channd grave pits, and restoring riparian
vegetation would contribute to reducing water temperature. Reducing bank and floodplain erosion and
increadng sediment trangport cagpability by reconfiguring the stream channel should increase egg surviva by
maintaining clean gpawning gravel. Increasesin dean gravel should incresse production of invertebratesthet
providefood to juvenile sdmon and other species. Increased instream cover would be expected to reduce
juvenile mortdity by providing refuge from predators. The technica team believes that implementation of
thisaction, in concert with other recommended actions, would double production of fal-runchinook sdmon
intheStanidausRiver. A returnto morenatura conditionswould be expected to benefit native fish species
besides chinook salmon and steelhead.  Although Section 3406(b)(1) does not establish godls for these
species, implementing actionsthat will provide benefitsfor them is congstent with theintent of the CVPIA.

Action 4: Indal and maintain fish protection devices at riparian pumps and diversons.

Objective: Reduce or diminate loss of juvenile chinook salmon resulting from entrainment by pumps and
diversons.

Location Stanidaus River from Goodwin Dam downstream to the San Joaquin River confluence.

Narrative description: Forty-four small pump diversions, none of which are adequately screened to protect
juvenile sdmon, are located on the lower Stanidaus River. The cumulative loss of young sdmon at these
diversons resulting from entrainment is not known but is potentidly substantia (Hallock and Van Woert
1959).
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The available data for chinook salmon in other systems indicate that downstream movement of fry occurs
mainly at night (Healy 1991). To reduce entrainment prior to ingtalation of fish protection devices, interim
guiddines regtricting pumping an diversion to daylight hours should be adopted.

Reated actions: CVPIA screening program (3406[b][21]) required by Title 34.
Agency and organization roles and responsihilities: A DFG survey of unscreened diversonsin the

San Joagquin Basin is undeway. This action would be implemented by USFWS and DFG
under 3406(b)(21) and would require cooperation with private land owners and other water right holders.

Potential obstacles to implementation: Protection devices might reduce efficiency of diversonsor
require additiona maintenance effort on the part of diverters.

Projected benefits: The San Joaguin Basin Technical Team believesthat ingtalation of effective protection
devices, in concert with other actions recommended by the team, would double production of fal-run
chinook salmon in the Stanidaus River.

Action 5: Provide additiona law enforcement to protect againgt illegd take of salmon, Stream ateration,
and water pollution and to ensure adequate screening of pumps and diversions.

Objective: Increase spawning success, reduce entrainment, improve water quaity, and prevent additiona
destruction of stream habitat.

Location Stanidaus River from Goodwin Dam to the confluence with the San Joaguin River.
Narrative description: Increased enforcement of sections of the Fish and Game Code pertaining to illega

harvest of adult sdmon, screening, water pollution, and streambed ateration would provide additiona
protection for chinook sdlmon (Reynolds et a. 1993).

Related actions: Ingtdlation of fish protection devices, habitat restoration and protection.

Agency and organi zation rolesand respongbilities: Implementation of thisaction would primarily be
the responghility of DFG, dthough other law enforcement or regulatory authorities might be involved.

Potential obstacles to implementation DFG funding and manpower congraints.

Projected benefits: The San Joaguin Basin Technica Team believes that implementation of thisaction, in
concert with other actions recommended by the team, would double production of fal-run chinook sdmon
in the Stanidaus River.
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Action 6: Remove or modify Old Meones Dam.
Objective: Reducefdl water temperatures in the Stanidaus River.

Location New Mdones Resarvoir.

Narrative description: Warm water temperaturesduring thefal are believed to result in delayed spawning,
decreased egg surviva, and high juvenile mortality (DFG 1992). Fal water temperatures depend partialy
onthelate summer reservoir storageleve, thermocline devel opment, and the depth of diversonsfrom New
Melones Reservoir (Reynoldset d. 1993). Whenfdl storageislow, Old Meones Dam, which islocated
within the resarvair, limits deep circulaion and results in the release of water drawn directly from the
reservoir surface (Reynoldset d. 1993). When these conditions occur, fal water temperatures may exceed
56°F throughout most of the spawning reaches of the Stanidaus River (Reynolds et a. 1993); this
deleterious condition prevails until ambient air temperatures cool the river, usualy in November (Hallock
and Van Woert 1959).

Related actions: FHow and temperature recommendations.

Agency and organization roles and responghilities: As the agency in charge of operating New
Méones Resarvoir, USBR would have the primary responghility for implementing this action.

Potential obstacles to implementation: Cost and feasibility are currently unknown.

Projected benefits: The San Joaquin Basin Technical Team believes that implementation of thisaction, in
concert with other actions recommended by the team, would double production of fall-run chinook sdmon
in the Stanidaus River.

Action 7: Provide fish passage around reservoirs.

Objective: Increase production and minimize impacts of anadromousfish restoration on water interestsby
providing access to additiona spawning/rearing habitat upstream of reservairs.

Location: Goodwin, Tulloch, and New Mdones resarvoirs.

Narrative description

1) Evduate feashility, benefits, and cogts in terms of fish production and impacts on water
users and other interest groups.
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2) Depending on the outcome of the eva uation, design and construct fish passage structures.

3) Modify dams and operation of reservoirs to facilitate downstream migration of juvenile
sdmon.

Reated actions: Becauseit hasthe potential to reduce the level of restoration needed in the lower
reach of the river, providing passage around damsis related to al other actions. Reservoir drawdown to
facilitate juvenile outmigration has the potentid to affect downstream flow. Providing adequate reservoir
releases to maintain suitable water temperatures for migrating chinook salmon during spring and fal would
continue to be important.

Agency and organization rolesand responsibilities: Evauating feagbility would bethe respongibility
of DFG, USFWS, and the appropriate reservoir management authority. Implementation would necessitate
cooperation between multiple agencies and water user groups.

Potential obstacles to implementation: Thefeasihility of this gpproach hasnot been evauated, and
the cogts of congtructing functiond fish passage structuresfor juvenile and adult sdlmon would probably be
high. Thesuitability of habitat for meeting anadromous sdlmonid life history requirementsin stream reaches
above exigting reservoirsis not well known. Operation of reservairsto facilitate fish passage could entall
higher water coststhan meseting fish flow needsin downstream reaches. Feasbility and cost/benefit analyses
would be conducted in the evaluation phase and would determine whether this action presents a viable
option for anadromousfish restoration. Thetypesof activitiesrequired to movefish around reservoirs may
not be consstent with provisions and the intent of Title 34.

Projected benefits: Theteam believesthat providing accessto stream reaches above reservoirs could result
inincreasesin naturd production that would exceed the god s established under the AFRP. By increasing
the quantity of habitat availablefor spawning and rearing, ingtdlation of functiond fish passage Sructureshas
the potentia to reduce the scope of restoration actionsrequired in the reach from Goodwin Damto the San
Joaquin River confluence and reduce coststo other user groups. Thisaction may be essentid if restoration
efforts are going to benefit steelhead production in the Stanidaus River.

Mainstem San Joaquin River
Limiting factors and potential solutions -

Table 3-Xd-9. Limiting factors and potentid solutions for San
Joaquin Basin fdl-run chinook sdmon in the San Joaguin River.
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Limiting factors Potentia solutions
1.  Direct and indirect impacts of Increase San Joaguin River flow to facilitate
exports a Harvey O. Banks migration of juvenile fish through the lower San
(SWP) and Tracy (CVP) Joaquin River and Ddlta
pumping plants on juvenile
chinook sdmon migrating Reduce exports when juvenile chinook salmon are
through the lower San Joaguin migrating through the lower San Joaquin River and
River and Ddta Ddta
Reduce entrainment by ingtdling the head of Old
River barrier during juvenile outmigration
Improve survivd of fish entrained a fish sdvage
fadlities
Reduce or diminate predatorsin channelsleading
to pumps
Reduce pumping at night
2. Unsuitable temperatures for Restore riparian and bank vegetation aong the
juvenile chinook sdmonin the maingem and tributaries
mainstem San Joaquin River
and Ddta Operate reservoirs to reduce the temperature of
discharged water
Evauate drategies for reducing temperature by
increasing tributary and maingtem outflow during
outmigration
3. Entranment of juvenile chinook Ingtdl and maintain effective screens or other fish

sdmon at the Patterson, El
Soyo, West Stanidaus, and
Banta- Carbona diversonson
the maingtem San Joaquin
River

excluson devices during the period when juvenile
chinook samon are migrating through the
mainstem San Joaquin River

Reduce diversion rates when juvenile chinook
sdmon are migrating through the maingtem San
Joaquin River

3-Xd-43
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Limiting factors

Potentia solutions

4.  Dissolved oxygen and anmonia
barrier to adult migretion in the
San Joaguin River at Stockton

1.  Prohibit dredging in the Stockton ship channd
during periods when chinook sdlmon are migrating
through the lower San Joaguin River

2. Egablish stronger standards for City of Stockton
wastewater discharge

3.  Increaseflowsin the San Joaguin River at
Stockton when chinook salmon are present (could
include ingtdlation of the heed of Old River
barrier) and monitoring indicates that water quaity
isunsuiteble

5. Effectsof legd harvest of
migrating adult sdmon in the
Détareach of the San Joaquin
River from Mossddeto
Chipps Idand

Extend the prohibition on the harvest of adult smon
from Mossdae downstream to Chipps Idand

6. lllega harvest of adult sdlmon
in the San Joaguin River
upstream of Mossddle and in
the tributaries from their
confluences with the San
Joaquin River upstream to the
dams

1.  Incresselaw enforcement efforts during periods
when adult sdmon arein theriver

2. Increase generd public and angler awarenessto
improve compliance and encourage reporting of

poaching

7.  Lossof genetic
integrity/diversty

1.  Reducerisk by implementing habitat restoration
measures

2. Investigate feaghility of establishing a gene bank to
ensure preservation of genetic materid of San
Joaquin River fal-run chinook sdmon

3. Sdectivey harvest hatchery fish

4,  Use"naurd" fish in captive breeding programs
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Limiting factors Potentia solutions

5.  Complete genetic differentiation sudies for San
Joaquin Basin fdl-run chinook salmon stocks

6. Edablish agenetic advisory committee to review
impacts of hatchery operations and release
drategies and examine Merced River Hatchery
practices and develop strategies to ensure that
further increases in hatchery production do not
adversdy affect wild stocks.

7. If thedecline of San Joaguin chinook saimon
continues, and extinction gppears imminent,
consder hatchery spawning and rearing of wild
fish as an interim mesasure

8.  Straying of adult chinook 1. Continuetoingdl afdl barier in the San Joaguin
sdmon into the maingem San River upstream of the Merced River confluence
Joaquin River upstiream of the
Merced River confluence,and | 2. Provide adequate fal attraction flowsin the
into SAt and Mud Soughs Merced River

9.  Entranment of juvenilechinook | 1.  Reduceor prohibit operation of pumpsand

sdmon at four mgor diversons a times when juvenile sdmon are

diversons and numerous present

gmdler diversons on the

mainstem San Joaguin River 2. Ingdl screens or other protective devices to
prevent entrainment when pumps or diversons are
being operated

10. Limitsimposed by over- 1. Evduateand, if feasble, establish aconjunctive
adlocation of existing water water use program
supply

2. Pursue opportunities for land fallowing and
purchase of water from willing sdllers

3.  Invedtigate opportunities for water augmentation
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Restoration actions -

Action I Implement Verndis flow schedule (Table 3 Xd-10) or measures that provide equivalent
protection for San Joaquin fal-run chinook salmon.

Objective: Provide adequate flow for al life stages of chinook salmon.
Location: San Joaquin River & Verndis.

Narrative description: The timing, amount, and quality of flow affects the migration and surviva of both
juvenile and adult chinook sdimon. Declines in escapement to San Joaquin Basin tributaries have been
attributed to inadequate streamflow in the mainstem San Joaguin River and its tributaries (DFG 1987).

During spring, low basin outflow and Ddltaexportsresult in both direct and indirect mortdity of outmigrating
smolts and fry (Reynolds et a. 1993); conversdly, higher smolt surviva has been observed in yearswhen
gpring flows in the mainstem river and tributaries have been high (CMC 1994, Reynolds et d. 1993). In
someyears, upstream migration of adult ssimon into San Joaquin River tributariesis delayed because of the
lack of attraction flow, evated water temperatures, and low dissolved oxygen concentration (DOC), which
commonly occur in the San Joaquin River in fall (SIRMP1993, DFG 1992). Diverson of water through
Dedta facilities, Port of Stockton operations, City of Stockton waste discharges, channd dredging, tidal

action, and San Joaguin River inflow areimportant factorsthat are mediated by flow and thet affect surviva

of outmigrating juvenile sdmon. There are no specific flow requirements in place in the maindem San
Joaquin River to meet the needs of migrating sdmon.

In estimating Verndis flow needed to meet the god of doubling naturd production of San Joaquin fal-run
chinook salmon, maximum export rates from April through June were assumed to be restricted to one half
of the average for the basdline period (1967-1991). If combined state and federa exports were further
reduced, the regression equation predicts that doubling could be achieved with lower San Joaquin River
flow; conversely, higher export rates would necessitate higher flow. Disadvantages of lower spring flow
include elevated water temperatures and reduced habitat quaity for juvenilesin the tributaries.

Table 3-Xd-10. San Joaquin River flow (cfs) at Verndis.

AFRP?
Above Below
Wet normd normd Dry Criticd
Month | Exising’
October -- 1,450° 950° 900° 700° 650°
November -- 2,000° 1,500° 950° 900° 650°
December -- 2,850° 2,250° 950° 950° 700°
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AFRP?

Above Below
Wet normd normd Dry Critica

Month | Exiging’
January -- 3,950° 2,550° 1,100° |  1,000° 750°
February -- 5,000° 3,900° 2,150°| 1,450°| 1,050°
March -- 5,350° 3,900° 2,750°| 2,100°| 1,850°
April -- 12,000¢ 8,250" 7,300° | 5850 | 4,450°
May -- 18,600° 13,700° 10,200° | 7,400° | 5,200°
June -- 17,300 9,750° 7,650° | 4,600° | 2,950
July -- 4,200° 1,700° 1,250° 650° 650°
August -- 1,150° 800° 600° 500° 450°
September -- 1,050° 750° 650° 500° 450°
Tota -- 4,521 3,019 2,200 1,606 1,196
(tef)

Basdine (taf) 4,691 3,020 1,609 1,617 1,042
Unimpaired (taf) 10,417 6,830 4,648 3,375 2,361

in conjunction with appropriate export regtrictions (Table 3-Xd-11).

Y ear type based on San Joaquin Basin 60-20-20 Index.

Note: All flows have been rounded to the nearest 50 cfs. FHow schedule would have to be implemented

b Exiting flow requirements dictated by December 15, 1994 Delta Accord.

¢ Sum of flow from the Stanidaus, Tuolumne, and Merced rivers.

4" Flow required to meet sdmon production goal's based on the following regression relationship:
= (1.820Qy)-(0.051X¢ 5)-18,417.3 (CMC 1994)

where, for agiven year class, Es 1 isthesum of escgpement into the Stanidausand Tuolumneriversof 2-
and 3-year-olds, Qy isaverage San Joaguin River flow (cfs) a Verndisfrom April 1 through June30in
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theyear of outmigration, and X s istotal combined monthly exports (&f) for thefederal (CVP) and Sate
(SWP) water projects from April 1 through June 30 in the year of outmigration. Fow is dlocated
between April, May, and June on the basis of historica occurrence of unimpaired runoff.

Rdated actions: Exidting flow requirements and flow recommendations for San Joaguin River
tributaries. Section 3408(h), purchase of land and water from willing sellers.

Agency and organization roles and responghilities: Implementation of this action would require
cooperation between multiple government agencies and private entities.

Potential obstaclesto implementation: Flowsare higher than those that have been recommendedin
other forums. Implementing these flow standards would reduce the quantity of water availableto other user

groups.

Projected benefits: The San Joagquin Basin Technical Team beieves that implementation of the proposed
flow schedule, in concert with other actions recommended by the team, would double production of fall-run
chinook salmon in the lower San Joaquin basin tributaries.

Action 2: Implement proposed export restrictions for the sate (SWP) and federal (CVP) Delta pumping
plants.

Objective: Reduce direct and indirect mortdity of outmigrating San Joaquin chinook salmon smolts.
Location CVP and SWP pumping plants.

Table 3-Xd-11. Combined maximum exports (cfs)
a SWP and CVP pumping facilities.

Y ear type’
Above Below
Month Wet normdl normdl Dry Critical
April 6,950 3,950 3,100 2,200 1,550°
May 6,950 3,950 3,100 2,200 1,550°
June 6,950° 3,950° 3,100 2,200° 1,550
Totd (&) 1,254 713 560 397 280

Notes. All exports have been rounded to the nearest 50 cfs.

Redtrictions would have to be implemented in conjunction with AFRP flows (Table 3-Xd-10) to

double natura production of San Joaguin basin chinook salmon.
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& Year type based on San Joaquin Basin 60-20-20 Index.

® " Flow required to meet sdmon production goal's based on the following regression reationship:

Est = (1.820Q)-(0.051X 5)-18,417.3 (CMC 1994)

where, for agiven year class, Es 1 isthesum of escgpement into the Stanidausand Tuolumneriversof 2-
and 3-year-olds, Qy isaverage San Joaguin River flow (cfs) a Verndisfrom April 1 through June30in
theyear of outmigration, and X s istota combined monthly exports (af) for thefederal (CVP) and state
(SWP) weter projects from April 1 through June 30 in the year of outmigration.

Related actions: Redated to flow recommendations. Higher export rates require higher flow at
Vernalisto meet production goas. Section 3408(h), purchase of land and water from willing sdlers.

Agency and organization roles and responsbilities: Restricting exportswould require cooperation
between multiple agencies and private entities.

Potential obstacles to implementation  Export redtrictions would reduce the quantity of water
available to other user groups. Because state pumping facilities are not under the authority of the CVP,
thereislittle incentive for them to adhere to export restriction for the purposes of the AFRP.

Projected benefits: The San Joaguin Basin Technical Team bdieves that implementing the recommended
export regtrictions, in concert with other actions recommended by the team, would double production of
fal-run chinook saimon in lower San Joaguin Basin tributaries.

Action 3: Egablish Stevinson flow standards.
Objective: Manage ingream flow to benefit dl life sages of chinook salmon.
Location San Joaquin River at Stevinson (immediately upstream of the confluencewith the Merced River).

Table 3-Xd-12. Exiging and AFRP-generated flow schedules
for the San Joaquin River a Stevinson (cfs) by year type.
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AFRP®
Above Below
Wet normda normal Dry Critica
April 5,150° 2,650° 2,050° 1,750° 1,250°
May 7,000° 4,450° 3,050° 2,300° 1,600°
June 6,800° 3,450° 2,600° 1,700° 1,050°
Totd (taf) 1,141 637 464 347 235

Note: All flows have been rounded to the nearest 50 cfs.
& There are no exigting flow requirements at this Ste.
P Year type based on San Joaquin Basin 60-20-20 Index.

¢ San Joaquin River contribution to Verndis flow standard. Based on Verndis flow standards and the
historical percent contribution of the San Joaquin River to tota unimpaired San Joaquin Basin runoff.

Related actions: Exigting and proposed flow schedules for al tributaries.  Section 3408(h),
purchase of land and water from willing sellers. Temperature recommendations.

Agency and organization roles and responghilities: Implementation of this action would require
cooperation between multiple government agencies and private entities.

Potential obstaclesto implementation: Thereare no existing flow requirementsfor the San Joaguin
River above the Merced River confluence. Implementing a Stevinson flow standard would reduce the
quantity of water available to other user groups.  Although Millerton Reservoir, on the maingem San
Joaquin River, isa CVP impoundment, availability of water for the AFRP is uncertain.

Projected benefits: The San Joagquin Basin Technica Team beieves that implementation of thisaction, in
concert with other actions recommended by theteam, would double production of fall-run chinook sdmon
in the lower San Joaquin basin tributaries.

Action 4: Ingdl and maintain fish protection devices at the Banta- Carbona, West Stanidaus, Patterson,
and El Soyo diversons.

Objective: Reduce or diminate loss of juvenile chinook salmon resulting from entrainment by the four
largest diversions on the San Joaguin River.
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Location Banta-Carbona, West Stanidaus, Patterson, and El Soyo diversions on the maingem San
Joaquin River between the Merced River confluence and the Delta

Narrative description: There are four mgor unscreened diversons on the mainstem San Joaquin River
downstream of the Merced River confluence. The El Soyo diverson has amaximum capacity of 80 cfs,
and the Banta- Carbona, Patterson, and West Stanidaus diversions have a maximum capacity of 249 cfs
each (Reynolds et d. 1993). Cumulatively, the four diversons are capable of withdrawing a substantia

proportion of thetotal mainstem San Joaguin River flow, particularly during dry water-yeer types. Although
impacts on juvenile chinook salmon are not well documented, there is evidence to suggest they may be
substantia (Hallock and Van Woert 1959). Screens ingtalled in the late 1970s were later abandoned,;

operation of these fadilities in the ensuing period is believed to have contributed to low surviva of

outmigrating juveniles (SIRMP 1993).

The avallable datafor chinook saimon in other systems indicate that downstream movement of fry occurs
mainly at night (Healy 1991). To reduce entrainment prior to ingtalation of fish protection devices, interim
guiddines redricting pumping an diverson to daylight hours should be adopted.

Related actions: CVPIA screening program (3406[b][21]) required by Title 34.

Agency and organization roles and responghilities: A DFG survey of unscreened diversonsinthe
San Joaquin Basin is underway. USFWS will be administering a screening program as one e ement of the
CVPIA. Implementation of a San Joaguin Basin screening program would require cooperation between
USFWS, DFG, and the Banta- Carbona, West Stanidaus, Patterson, and El Soyo Irrigation Didtricts.

Potential obstacles to implementation:  Screens might reduce efficiency of diversons or require
additiona maintenance effort on the part of theirrigation didtricts, although asubstantia portion of the costs
would probably be covered by funds available under 3406(b)(21).

Projected benefits: The San Joaquin Basin Technica Team believes that implementation of thisaction, in
concert with other actions recommended by the team, would double production of fall-run chinook sdmon
in the lower San Joaquin basin tributaries.

Action 5: Indgdl and maintain fish protection devices a small agriculturd diversons.

Objective: Increase survivd of juvenile sdmon by reducing or diminating entrainment a smal pumpsand
diversons.

Location San Joaquin River from the Merced River confluence downstream to the Delta.
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Narrative description: Additiond small- and medium-szedirrigation divers on onthemaingem San Joaguin
River entrain juvenile sdimon (Reynolds et d. 1993); cumulative effects are not known but have the
potentia to be substantial (Reynolds et d. 1993, Hallock and Van Woert 1959).

The available datafor chinook samon in other systemsindicate that downstream movement of fry occurs
mainly at night (Healy 1991). To reduce entrainment prior to ingtalation of fish protection devices, interim
guiddines redtricting pumping an diversion to daylight hours should be adopted.

Related actions: CVPIA screening program (3406[ b][21]) required by Title 34, ingdl and maintain
fish protection devices at mgor diversons.

Agency and organization roles and responghbilities USFWS will be administering a screening
program as one dement of the CVPIA. DFG, which isin the process of conducting an inventory and
assessment of San Joaguin Basin diversions, would be the agency likely to implement a screening effort.
Cooperation and coordination with USFWS, irrigation digtricts, and land owners would be necessary.

Potential obgtaclesto implementation: Fish protection devices might reduce efficiency of diversons
or require additional maintenance effort on the part of diverters, though most of the costs should be
covered by funds available under 3406(b)(21).

Projected benefits: The San Joagquin Basin Technica Team bdievesthat ingdling effective fish protection
devices a smdl agriculturd diversons, in concert with other actions recommended by the team, would
double production of fdl-run chinook saimon in the lower San Joaquin basin tributaries.

Action 6: Continuethe prohibition on sport harvest of chinook salmon in the San Joaguin Basin upstream
of Mossdde; extend closure on the mainstem San Joaquin River downstream to Chipps Idand.

Objective: Increase spawning success by preventing the harvest of adult chinook salmon escapinginto San
Joaquin River tributaries.

Location: San Joaguin River upstream from Mossdale and the San Joaguin River tributaries.

Narrative description: When escapement is low, as it has been during the recent years of drought, legdl
harvest hasthe potentia to remove asubgtantia percentage of thetotal number of spawning adults (SIRMP
1993) and, consequently, reduce juvenile production. Many of the adult sdmon harvested in the San
Joaquin River between M ossda e and Chipps Idand are migrating to spawning grounds in the Stanidaus,
Tuolumne, and Merced rivers (SIRMP 1993). Harvest of sdmon is currently prohibited in the mainstem
San Joaquin River upstream of Mossdade and in the tributaries upstream to the dams. The San Joaquin
Basin Technica Team recommends extending the closure in the mainstem river downstream to Chipps
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Idand and leaving the closurein effect until it has been determined that San Joaquin Basin chinook salmon
stocks have recovered.

Related actions: Additiona law enforcement to reduceillega harvest.
Agency and organi zation rolesand respong bilities: Implementation of thisactionwould primarily be

the responghility of DFG, dthough the involvement of locad law enforcement authorities would increase
chances for success.

Potential obstacles to implementation:  Continued prohibition on recregtional harvest has the
potentia to reduce support of anglers groups for the restoration program.

Projected benefits: The San Joaguin Basn Technica Team bdlieves that maintaining a prohibition on
harvest of adult sdmon will be necessary for recovery. Theteam believesthat this action, in concert with
other actions recommended by the team, would &t least double natural production of fal-run chinook
sdmon in the three lower San Joaguin Basin tributaries.

Action 7: Prohibit the dredging of the Stockton ship channel during critical periods.

Objective: Prevent DOC sag during periodswhen adult or juvenile salmon are migrating through the lower
San Joaquin River and Delta.

Location San Joaquin River near Rough and Ready Idand.

Narrative description: During fal, DOC is commonly low in the San Joaquin River near Stockton (DFG
1993, SIRMP 1993). Adult ssimon migration isinhibited by exposure to DOC below 5 parts per million
(ppm). Low DOC often results from dredging in the Stockton Ship Channel and turning basin, flow
reversals resulting from high Ddlta exports, and effluent discharge from the Stockton Municipa Sewage
Trestment Plant and other sources. DWR ingtalsarock barrier at the head of Old River infal toimprove
DOC levelswhen the San Joaquin River flow at Vernalisdrops below 1,800 cfs. Modifications of sewage
trestment plant operation benefitted sdmon by improving water quaity. However, infal 1992, aDOC sg
occurred in the San Joaguin River near Rough and Ready Idand; conditions in the Stockton Deepwater
Ship Channd were associated with this oxygen sag.

Redated actions: Head of Old River barrier, flow recommendations, and export limits, al of which
would improve water qudity in the mainstem San Joaguin River.

Agency and organization rolesand responsihilities: Preventing future DOC sagsin the San Joaguin
River near Stockton will require coordination with the Corpsregarding restrictions on timing and location of
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dredging, with DWR for ingallation of the head of Old River barrier, and with state and local water quality
authorities on effects of point- and nonpoint-source discharge.

Potential obstaclesto implementation: Lack of funding to adequately address point- and nonpoint-
source discharge problems.

Projected benefits: The San Joaguin Basin Technicd Team bdievesthat dleviating conditionsthat lead to
development of a dissolved oxygen barrier in the San Joaquin River near Stockton, in concert with other
actions recommended by the team, would double production of fal-run chinook saimon in the lower San
Joaquin basin tributaries.

Action 8: Ingdl the head of Old River barier.
Objective: Improve water qudity for migrating adults and reduce entrainment of outmigrating smolts.
Location: San Joaquin River at the head of Old River.

Narrative descriptionn DWR ingdlsarock barrier a the head of Old River infal to improve DOC in the
lower San Joaquin River when flow a Vernaisdropsbelow 1,800 cfs(Reynoldset a. 1993). Begmingin
1992, the barrier was ingtdled in spring (April 15-21) (DWR 1992) to reduce diversion and probable
entrainment a the CVP and SWP pumping plants of chinook sdmon smolts migrating down the San
Joaquin River. Feasbility and benefits of the barrier are reduced when San Joaguin River flow is high.

Related actions: Flow recommendation, export restrictions, and messuresto prevent DOC sagin
the San Joaguin River near Stockton.

Agency and organization roles and responshilities: DWR would be responsblefor implementing
thisaction. DFG and USFWSwould be respons blefor monitoring to determining benefitsand impactson
other fish species.

Potential obgtacles to implementation: Potentia impacts on Deta smelt and other native species
may limit the length of timefor which the barrier can remainingdled in the spring. Itisuncertainwhat leve
of protection can be obtained by ingtaling the barrier for only a portion of the period when smolts are
actualy present and vulnerable to entrainment.

Projected benefits: Thisaction hasthe potentia to improvewater qudity inthe San Joaquin River, facilitate
adult migration, and provide protection to outmigrating smolts with reduced water costs. Similar or higher
leves of protection can be obtained by implementing recommended flow and export schedules.
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Action 9 Edablish soring and fal water temperature gods for the maingtem San Joaquin River. Gods
would be achieved through acombination of changesin reservoir operations, enhanced flows, and riparian
restoration.

Objective: Infdl, prevent ddaysin adult migration and resulting increases in egg and juvenile mortdlity; in
spring, increase surviva of outmigrating juveniles by reducing stressand mortdity associated with highwater
temperatures.

Location: San Joaguin River from Merced River confluence to the Ddlta

Narrative description:  Elevated fall water temperatures in the San Joaguin River are believed to delay
upstream migration and spawning (DFG 1992). Thismay lead to ddlaysin emergence and outmigration of
juveniles (DFG 1992) and increase therisk of exposureto stressful or letha water temperatures. Elevated
water temperatures during spring result in conditions that have been found to reduce surviva of juvenile
sdmon (DFG 1992, 1987). DFG has determined that when flow at Vernalisis 5,000 cfsor lessin May,
water temperatures are at level s associated with chronic stressto sdlmon (DFG 1987). Theeffectsof such
dress are cumulative and increase effects of other mortdity factors, such as entranment/impingement at
water diversons, predation, and salvage handling a Ddtafish facilities.

Following are recommended water temperature standards that should be maintained to the
downsiream boundary of the spawning area during fall and the mouth of the river during spring.

Dates Water temperature
October 15-February 15 56°F
April 1-June 31 65°F

Related actions: Mainstem and tributary flow recommendations and sequentia habitat restoration,
especialy recommendations to restore bank and riparian vegetation. Riparian and instream habitat
protection and restoration proposals discussed in Action 4 should further reduce water temperatures.

Agency and organization roles and responghilities: Implementation of this action would require
cooperation and coordination of multiple government agencies and private entities and would probably
require acquigtion of additiond water from willing sdlers

Potentid obstacles to implementation: It isanticipated that meeting temperature goals may require
greater quantities of water than thoseindicated by flow recommendations. Thiswould resultin asubstantia
reduction inthe quantity of water availablefor other purposes. Restoration of riparian habitat could reduce
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the quantity of water necessary to meet temperature sandards. Maintaining awater temperature of 65° F
during June may not be possible.

Projected benefits: The San Joaguin Basin Technica Team beieves that meeting the recommended
temperature godsin the San Joaguin River, in concert with other actionsrecommended by the team, would
double production of fdl-run chinook samon in the lower San Joaguin basin tributaries.

Action 10: Egtablish abasinwide Conjunctive Water Use Program.

Objective: Obtain adequate water to meet anadromousfish flow requirementswhileminimizing impactson
other water users.

Location Entire San Joaquin River Basin.

Narrative description

1) Evauate benefits and cogs of a conjunctive use program, including
potential increasesin water supply to meet fish needs.

2) Develop and implement a program, ensuring anet gain in water alocated
to meeting anadromous fish requirements.

Related actions: Potentid to increase the feasibility and reduce impacts of actionsinvolving flow.
Agency and organization roles and responshilities: Egtablishing an effective conjunctive use

program would require cooperation and coordination between al government agenciesand private entities
involved in water use or resource management in the San Joaquin River Basin.

Potential obstacles to implementation: Net benefits for anadromous fish may be great but depend
on many factors and have not been evaluated.

Projected benefits: A conjunctive use program has the potentia to reduce the adverse impacts on other
water users of implementing flow recommendations. Such a program may be an essentia tool to obtain
water needed to meet fish flow needs.

Action 11: Reduce predator populations.

Objective: Increase surviva of juvenile sdmon by reducing predator populations.
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Location: San Joaguin River and tributaries.

Narrative description:  Predatory fish such as largemouth and smallmouth bass are a potentid cause of
increased mortality of rearing and outmigrating saimon. Abandoned grave pits on the tributaries provide
excdlent habitat for these species (Reynolds et d. 1993).

Following are the elements of this action:
1) Increase sport harvest of predators, primarily largemouth bass.

2) Reduce predator habitat, primarily abandoned gravel pits and other pools that are
connected to river channels.

Related actions: Sequentid habitat restoration on San Joaquin River tributaries; ongoing
DWR/DFG habitat restoration efforts (DWR 1994).

Agency and organization roles and responsibilities Increesing harvest would primarily be the
responsbility of DFG. Reducing predator habitat would require cooperation and coordination between
various agencies and riparian land owners.

Potential obstacles to implementation:  Potentia objection from some segments of the angling
population. May not be practicad or even possble. Magnitude of problems and benefits resulting from
implementing this action are poorly documented.

Projected benefits. Impacts of predation on juvenile sdmon are not known but are beieved to be
subgtantial under some conditions. Predation is generdly lower when flow is high.
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E. SACRAMENTO-SAN JOAQUIN DELTA
General Approach

The god of the Delta SAmon and Steelhead Technicad Team was to develop alist of actions that would
double basdline (1965- 1989) sdmon smolt surviva inthe Deltafor dl races of chinook sdmon. Itislikey
that as smolt surviva increases, resulting adult production two and ahalf yearslater (1967-1991) will dso
increase.

Although we know that sdmonid fry may rear in the Deltafor up to severa months (Kjelson et d. 1982),
limiting factors for fry are generdly not well understood. Relative comparisons between upper river and
Ddptafry surviva have been made, but the rdativeimportance of fry rearing in the Deltacompared with that
upstream has not been quantified (USFWS 1987).

Additiondly, very little information exists on the limiting factors for adult sdlmon and steelhead migrating
upstream through the Delta (Halock 1970).

Althoughit istheoreticaly possibleto double adult production by only doubling smalt survivd inthe Delta,
actions that would benefit al life stages of saimonids (including steelhead) in the Deltawere preferentialy
sdected. In most casesthe limiting factors and potential solutionsidentified for sdmon smoltsarelikely to
be smilar for al sdmonid juvenilesrearing and/or migrating through the Delta. In casesin which theunique
needs of the different sdmonid life stages were known, they were incorporated into the list of actions, but
there may be other areas that have not been adequately explored or addressed.

No action items targeted to improve juvenile saimonid surviva were recommended for July- September
becausevery few juvenilesare present in the Bay or Ddtaduring those months, presumably because of high
water temperatures in the Delta that may be lethd to saimon (USFWS 1987).

Smolt surviva between 1965 and 1989 was estimated using Deltasamon surviva model sthat rel ate habitat
conditionsinthoseyearsto survival. Two separate models have been used, onefor smoltsemigrating from
the Sacramento River (Kjelson et al. 1989, USFWS 1992a) and one for smolts emigrating from the San
Joaguin River (Brandes 1994). The models are based on surviva indices generated from coded-wire-
tagged (CWT) fall-run hatchery smoltsrel eased a various|ocationsin the Deltaand recovered within afew
weeks after release by midwater trawl a Chipps Idand. Surviva indices were caculated based on the
number recovered at Chipps Idand corrected for effort in both time and space (USFWS 1987).

Both modelsplit the Deltainto various reaches and use backward- stepping multiple- regresson andysesto
identify environmenta varigbles (exports, flows, and temperature) important to surviva in each reach.
Professond judgment by the authorswas used to some extent in choosing which variableswere cons dered.
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Both the Sacramento and San Joaguin model sassumethat smoltsenter the variousreaches of themodd in

the same proportion as flow.

The Ddtasmolt survivad modd, developed for fdl-run smoltsemigrating from the Sacramento River Basin,
has been dightly modified to better index surviva of Sacramento River juvenilewinter-run and laefdl-run,
and Mokdumne River fal-run chinook salmon in the Delta. The equations used for each reach of the
Sacramento and San Joaquin models and the modifications madefor thevariousracesarelisted in Table 3-
Xe-1. Tempord digtribution in the Deltafor each race of juvenile chinook salmon used to estimate annua

Detasurvivd isliged in Table 3-Xe-2. Although none of the modes estimate absolute survivd, they are
our best tool for obtaining anindex of basdine survivd, integrating the various action items, and determining

what is needed for doubling survival.

Table 3-Xe-1. Formulas used in the modds to cdculate mortdities

Fdl run, Sacramento
Dayflow and Operation Study
mlL  (-2.45925+(0.0420748* Freeport temp)
m2  (-0.5916024)+(0.017968* Freeport temp)+(4.34E-05* (CVP+SWP))
m3  (-1.613493+(0.0319584* Freeport temp))
m23  ((M2*P2)+(M3*(1-P2))
m123 (M1+M23-(M1*M23))
s123  (1-M123)

Late fdl run, Sacramento
Dayflow and Operation Study
ml (-2.45925+(0.0420748* Freeport temp)
m2  (-0.5916024)+(0.017968* Freeport temp)+(5.4E-05* (CVP+SWP))
m3 (-1.613493+(0.0319584* Freeport temp))
m23  ((M2*P2)+(M3*(1-P2))
m123 (M1+M23-(M1*M23))
s123  (1-M123)

Winter run, Sacramento
Dayflow and Operation Study
mlL  (-2.45925+(0.0420748* Freeport temp)
m2 (-0.5916024)+(0.017968* Freeport temp)+(5.4E-05* (CVP+SWP))
m3  (-1.613493+(0.0319584* Freeport temp))
m23  ((M2*P2)+(M3*(1-P2))
ml123 (M1+M23-(M1*M23))
s123  (1-M123)
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Fal run, Mokdumne
Dayflow and Operation Study
ml  0.000
m2  (-0.5916024)+(0.017968* Freeport temp)+(4.34E-05* (CVP+SWP))
m3  0.000
m23 (M2*1)+(M3*(1-1))
m123 (0+M23-(0*M23))
s123 (1-M123)

Fdl run, San Joaquin
Dayflow and Operation Study
m2  (1.01045-3E-05* Upper Old River Flow)
m3  (0.87634-7.1E-05* Stockton low)
m4d  (-3.65867+0.058492* Jersey Pt temp+5.1E-05* (CVP+SWP))
m34  (M3+M4)-(M3*M4)
m234 (P2*M2)+(P3*M34)
234 (1-M234)

Table 3-Xe-2. Assumed tempord didributions, by percent, of fdl-, late fal-, and winter-run
chinook salmon for the Sacramento, Mokelumne, and San Joaquin rivers.
Digtributions were input to survivad models.

Month
Race River Nov | Dec | Jan | Feb | Mar | Apr | May | Jdun
Fdl run Sacramento 0 0 0 0 0 17 65 18
Mokdumne 0 0 0 0 0 17 65 18
San Joaguin 0 0 0 0 0 45 55 0
Laefdl run | Sacramento 25 50 25 0 0 0 0 0
Winter run Sacramento 0 0 0 13 57 30 0 0

The moddsindicatethat surviva inthe Deltacannot be doubled for Sacramentofal-, winter-, and latefal-
run and Mokdumne River fal-run socksof chinook sdlmon. Theteam believed that the Sacramento moddl
underestimates the benefits associated with the dimination of CVPand SWP exportsbecause many limiting
factorsfor dl juvenile sdmonid life sageswould ceaseto exist. Therefore, the team believed that if CVP
and SWP exportswere diminated, juvenile sdmonid survivd in the Detawould likely greetly increase and
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adult production could potentidly double. Although thiswas the technica team's first recommendation as
the mogt likely to ensure doubled surviva in the Ddlta, the team recognized the need to provide minima

exports to satisfy hedth and safety concerns. We have assumed that these hedlth and safety concerns
would be satisfied with combined CVP and SWP exports of 1,200 cfs.

For the races of juvenile sdmon for which we were unable to double surviva, we have proposed a
combination of action measures that would have the greatest effect toward the doubling god.

In some cases, restoration actions were not limited to the variables contained in the models. If avallable
evidence indicated that there were other needs of sdmonids in the Deta, restoration actions were
developed to address these factors. Flow toward the western Delta (QWEST) is an example of this
deviatiion. Many of the parameters sdlected as action items are smilar to recommendations made in past
reports by biologsts familiar with juvenile sdimon data from the Delta (USFWS 1992b).

Inan effort to provide revant information on the va ue of aspecific action, we have summarized datainthe
narrative description.  Although much of these data are included in the models that integrate many of the
actionitems, webelieved it was more straightforward to rely solely on the specific experimentsand resulting
data to judtify the specific actions.

The smolt survival modd for smolts emigrating from the San Joaguin River indicatesthat doubling basdline
smolt survivd in the Deltawould be possible, and we have therefore proposed an action to achieve this,
based on modd smulations.

Asnoted initidly, the Deltafish habitat team has attempted to meet the god of doubling sdmon production
using only Ddta restoration actions without consdering potential benefits of upstream actions.  This
approach wastaken to ensure that the god of at least doubling production would bemet. Itispossiblethat
acombination of Deltaand upsiream restoration actions could aso achievethe god of doubling production,
but andysis of such acombination of actions has not been completed and is complicated by our inability to
quantify the benefits of restoration actions both upstream and in the Delta. Further difficulties arise from
other aspects of the population status and the time frame for meeting the restoration god.

One could argue that, theoreticdly, if Ddtaactions provided sdmon surviva through the Deltaat levels of
the 1965-1989 basdine period and if upstream actions yielded a doubling of production there, the god of
doubling would be achieved. Asadditiona knowledge is gained on the benefits of restoration actions, we
will be better ableto define how acombination of Deltaand upstream actions can best meet therestoration
gods.

There may be potentid for compounding benefits resulting from restoration actions in both the Delta and
upstream areas. improved salmon production oneyear could reflect greater production the next year and so
on, if more adultsreturn to unsaturated spawning grounds and harvest remainsstable. Unfortunately, we do
not know what potentia thereisfor a compounding processto beredized, but evenif such compoundingis
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possiblein part, it could alow the doubling production god to be met more quickly or with lessaggressve
actions than if no compounding occurred.

It also should be noted that during aperiod of decline (asdl natural Central Valey anadromous salmonid
stocks are experiencing), compounding of negetive effects may be occurring. Prompt action isimperative,
and thelonger declines are dlowed to continue, the greater the magnitude of increasein production needed
to redlize the same benefit.

Limiting factors and potential solutions

Many of the limiting factors observed in the Ddta are known or hypothesized to be ether directly or
indirectly related to exports. Indirect |ossesare defined asjuvenile sdmon mortdities attributed to the CVP
and SWP export process that occur in the Delta outside the CV P intake and the entrance to the SWP's
Clifton Court Forebay. Theselossesare consdered to be of much grester magnitude than thedirect losses,
thus, they havebeenidentified first in Table 3- Xe-3. Theseindirect lossesare primarily tied to theincreased
diverson of juvenile sdmon off the mainstem rivers and the higher mortality in the central and south Delta.
The CVP and the SWP have actually increased the amount of water being diverted into the centra and
south Delta and are hypothesized to beresponsible (at least in part) for the higher mortdity observedinthe
centra and southern Delta. Themost likely mechanism for theincreased mortdity istheincreaseinreverse
flowsin the centrd and southern Delta (USFWS 1987, 1992b). In addition to these indirect |osses, many
direct losses result from CVP and SWP pumping and are listed in the Table 3-Xe-3.

Although some limiting factors cause mortdity and lessen production, we have not included them as
necessitating key actions critica in gaining the most benefit toward doubling surviva. However, when the
findl restoration program is developed, al actions that are feasible and reasonable, however smdl thar
benefits, should be taken to aid in retoration.

Table 3-Xe-3. Key limiting factorsin order of importance and potentia solutions
for chinook sdlmon and stedhead in the Ddlta.

Limiting factors Potentid solutions
1. Mortdity of juvenile sdmonids 1. Prevent or decrease the number of juvenile

indirectly resulting from CVP sdmon diverted off the maingtem rivers
and SWP impacts. into the centrd and south Delta by:

(8 Increased diverson of juvenile - closing the DCC gates (November-

sdmon into the central and south June);

Deta (where mortdity ishigh) asa

result of: - __increasing Ddtainflow;
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Limiting factors

Potential solutions

- congruction of the Delta Cross
Channd (DCC) for water
conveyance by USBRin
1951, dlowing a greater
percentage of flow (and
presumably juvenile smon)
to be diverted;

- lower oring Ddtainflows
causng ahigher proportion
of flow to be diverted into
the centrd and south Delta
(Rick Oltman pers. comm.);

- exports causing the percentage
of flow diverted into upper
Old River to increase (DWR
pers. comm.); and

- increased net flow toward the
pumping plants

- reducing or diminating reverse flows;

- ingdling an acoudticd barrier in
Georgiana Sough; or

- ingdling afull barrier a the head of
upper Old River during the spring
migration of San Joaguin smolts
through the Ddlta

(b) Rdaivey high juvenile
mortdity in the central and south
Delta, presumably resulting from:

- inadility of juvenilesto "find"
their way to the ocean as a
result of net reverse flows
and complex channd
configurations,

- alonger migration route
(increased exposure time to
mortality factors, such as
predation); and

Increase surviva in the central Delta by:

- svedy curtaling or diminaing CVP
and SWP exports during the period
when samon are usng the Ddlta
(November-June); or

- reducing or diminating reverse flows by
increasing San Joaguin River flows
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Limiting factors

Potential solutions

- exposureto higher (relativeto
manstem) spring water
temperatures

(c) Reduction of shalow-water
and riparian habitat as a result of
dredging and scouring in water
conveyance channds and bank
dabilization efforts (removad of
riparian vegetation and bank
amoring)

Increase riparian vegetation and decrease
or diminate bank stabilization efforts

(d) Reduction of spring inflow into
and out of the Ddlta (causes
decreases in transport flows for
migration and increased
temperatures as aresult of
upstream storage and diversion)

Increase Ddtainflows

Mortality of juvenile sdmonids
directly resulting from CVP and
SWP pumping plant impacts

Severdy curtall or diminate CVP and
SWP exports during the period when
sdmon are usng the Ddltafor rearing

and migration (November-June)

Screen Clifton Court Forebay and

combine the CVP and SWP diverson

points

3. Subsantial losses that occur asa

result of the following factors,
dthough the export facilities for
both the CVP and the SWP
include fish sdvage fadilities
designed to prevent the loss of
entrained figh:

- Prescreen losses occur at the

Implement measures to reduce

entrainment, handling, transport, and
rel ease | osses associated with present

fadlities
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Limiting factors

Potential solutions

trash racks of both fish
facilities and in Clifton Court
Forebay

- The screen (louvers) systems at
both facilities are lessthan
100% efficient in bypassing
juvenilefish to the holding
fadlities

- Losses occur with the bypass
and holding fadilitiesasa
result of predation, debris,
and other factors

- Some losses occur during
handling and trucking

- Surviva after release may be
reduced by enhanced
predatory fish dengities at
release Stes

Poor surviva of San Joaquin
smolts resulting from low San
Joaguin River flowsin the Delta

Increase flows at Verndis

Poor water quality:

(@ Mortdity of fal-run smolts
resulting from high spring water
temperatures

(b) Low dissolved oxygen at
Stockton inhibiting migration of
San Joaguin River fal-run adults

1. Decrease weter temperature;

- Redtoreriparian vegetation dong Dedlta
channds

- Continue to eva uate ways to reduce
Deltawater temperatures

2. Increase dissolved oxygen levels a
Stockton

- Increa=flows a Verndis
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Limiting factors

Potential solutions

- Ingal the barrier a the head of upper
Old River between September and
December (DFG pers. comm.)

(¢) In-Détaagriculturd and
indugtria return flows of poor
quality ad a source of toxics

3. Reducetoxics

- Reduce or diminate agriculturd drain
water in or above the Ddlta

- Treat agriculturd runoff beforeit is
returned to the river

- Increaseflows

Entrainment a in-Delta agriculturd,
municipd, and industria
diversons

1. Himinaein-Ddtaagricultura and industrid
diversons

2. Screenin-Ddtadiversons

3. Curtall diversonsduring critical periods

Other factors (losses from these
other factors are exacerbated
when populations are low and
stressed as aresult of the other
limiting factors mentioned
above):

(@ Competition between natural
and hatchery stocks

Keep naturd sdlmonid populations as high and
ecosystem as hedthy as possible by providing
favorable environmentd conditions. Also, the
following actions could be taken:

- Invedigate interactions between
hatchery and naturdl stocksto ensure
that natura stocks are not being
displaced

(b) Interaction with exotic species

- Prevent introduction of exotic species
into the system by supporting balast
water legidation, strict enforcement,
and other measures

(c) lllegd fishing of races of low

- Continue education and enforcement to
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Limiting factors Potentid solutions

abundance reduce poaching

Restoration actions -

Action 1 Provide protection from direct and indirect impacts of CVP and SWP exports for juvenile
sdmonids migrating through the Deltafrom November 1 through June 30, equivaent to protection provided
by restricting exports to minima levels (those needed for heath and safety, estimated at 1,200 cfs totd).

Objective: Increase in-Ddtasurvivd of dl juvenile samonid life sages (and potentialy adults) affected by
CVP and SWP exports. Theseinclude juveniles migrating through the Ddta using the mainsgem riversas
well asjuveniles diverted into the centra and southern portions of the Deltaand juveniles emigrating from
the San Joaguin Bagin.

Location CVPsTracy and SWPs Harvey O. Banks pumping plants.

Narrative description: Because there are a variety of limiting factors for juvenile sdmonids in the Ddta
related to both theindirect and direct impacts of CV P and SWP pumping, the most comprehensive solution
to Ddta problems under the present system of using Delta channels for water conveyance woud be to
eiminate dl CVP and SWP exports. As mentioned above, the team redlized thiswas impractica and the
find action item has dlowed for minimd exports.

The effects of exports are most acute for San Joaguin Basin juveniles migrating through the Delta and for
Sacramento Basin juvenile sdmon diverted into the centrd Ddlta via the DCC, Georgiana Sough, and
Threemile Sough.

Fal-run CWT smolts released in the North Fork, South Fork, and lower Mokelumne River show lower
aurviva indices to Chipps Idand than are shown by groups released in the mainstem Sacramento River
(Ryde). Even lower survivd is observed for smalts rdleased into the southern Ddlta (lower Old River)
(Table 3-Xe-4). Ingenerd, indices of surviva appear to decline the closer the smolts are released to the
CVPand SWPpumps. Incontrast, sdlvageratesat thefish facilitiestend to be greater the closer the amolts
are released to the pumps.  Even though smolts released near the pumping plants are salvaged in greater
numbers, surviva to Chipps Idand is lower.

Table 3-Xe-4. Survivd indices of CWT fdl-run chinook salmon smolts released at
severd locationsin the Delta from 1983 to 1986 and recovered by trawl
a Chipps Idand.

Release ste 1983 | 1984 1985° 1986°




SECTION X. REPORTSFROM THE TECHNICAL TEAMS -

E. CHINOOK SALMON AND STEELHEAD 3xell
Above diversorf (Courtland gates open) 0.70 0.32(0) 0.35(8)
Above diverson (Courtland gates closed) 1.23

Beow diversorf (Ryde gates open) 0.73 0.77 (0) 0.68 (0)
Below diversion (Ryde gates closed) 1.39°

N. Fork Mokeumne River® 0.56 0.28 (14) 0.37 (0)

S. Fork Mokelumne River® 0.70 0.23 (89) 0.26 (372)

L ower Mokdumne River’ 1.17

Lower Old River? 035 | 016 | 0.21(14,774) | 0.25(6,190)

g

Expanded fish facility (SWP/CVP) recoveries are included in parentheses for 1985 and 1986. No
comparable fish facility sampling was conducted in 1983 and 1984.

Release Site 3.5 miles above Wanut Grove on the Sacramento River (Courtland site).

Release ste 3.0 miles below Wanut Grove on the Sacramento River (Ryde ste).

Release ste at |deton.

Release site at Thornton Road.

Release ste 2 miles above the junction with the San Joaquin River.

Release dte at the southeast corner of Palm Tract.

This difference in survival between fal-run smoltsreleased in the central Deltaversusthosereleased inthe
mainstem Sacramento River has been additionaly confirmed by the resultsof paired CWT groupsreleased
at Ryde and in GeorgianaSough in 1992 and 1993. In six sets of experiments using fal-runand laefal-
run CWT juvenile sdmon, survival of smolts released a Ryde averaged 4.7 times gregter than for
corresponding groups of smoltsreleased into Georgiana Sough. Thedifference ranged between 2.9 times
and 8.3 timesgreater for the Ryde groups. Expanded sdvage estimates at the CVP and SWPfishfacilities
areusudly greater for smoltsreleased at Georgiana Slough than for thosereleased at Ryde (Table 3-Xe'5).
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Table 3-Xe-5. Release dates, mean fork length (FL) of release groups, survivd index (S),
surviva ratios, and expanded numbers of fish counted at federd (CVP) and sate (SWP)
sdvage facilities from studies conducted with CWT fdl-run (F) and late-fdl-run (LF)
chinook salmon smolts, April 6, 1992, through December 2, 1993.

Ryde releases Georgiana Sough releases Ryde/
Date Race Georgi ana
FLqrm) | S | CVPISWP | FL(mm) | S | CVPISWP SJrf;’i"éd
4/6/92 F 77 1.36 0/34 74 0.41 10/4 3.30
4/14/92 F 82 215 0/0 81 0.71 12/8 3.00
4/27/92 F 81 1.67 0/0 83 0.20 14 8.30
4/14/93 F 61 0.41 0/0 63 0.13 0/24 3.15
5/10/93 F 75 0.86 0/0 75 0.29 15/36 2.96
12/2/93 LF 129 1.95 0/9 119 0.28 93/149 7.71
Avg. =4.7

In most years, a very low percentage of the smolts released into the central and south Delta can be
accounted for by expanded recaptures a Chipps Idand and the fish facilities. These data dso tend to
support our conclusion that indirect losses are greater than the direct losses associated with the projects.

The mechanism behind the lower surviva observed for smalts rdeased in the centra Delta is not well

understood. Greater spring water temperatures in the central Delta relative to those in the maingem
Sacramento River, in combination with increased exposure time to those temperatures, are a problem for
fdl-run smolts diverted into the central Delta. However, the lower surviva in the central Delta was dso
observed for late fal-run yearlings released in December, when temperatures were low (51°F) and
predationwould likely beless. Perhapsthisindicatesthat changesin central Deltahydrology (reverseflows,
net flowsto the pumps, etc.) may bethe most important contributor tothe high central Ddtamortdity. The
central and southern Delta dso are characterized by a complex of channdls exposed to tidd hydrology,
adding to the diverse flow patterns sdimon must face through that part of the Delta, even when flowsare not
reversed because of export pumping.

Although toxics may contribute to increased mortdity in the central Délta, it isnot thought to betheamagjor
limiting factor because the CWT smoalts used in our experiments were in the Ddta for only a short time
(average of 24 weeks) before recovery. Although reducing toxics via regulation or curtailment of

agricultura return flowswould be beneficid to saimon, it is unclear whether reducing or diminating toxics
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would subgtantidly contribute toward the doubling god. Thus, no action item for the reduction of toxicsis
included in our recommended actions.

The longer migration route through the central and southern Delta exposes the smolts to a combination of
mortality factors (such as predation and/or entrainment) for alonger time. Itislikdy that thisaccountsfor a
least part of theincreased mortdity observed for CWT smoltsreleased into the central Delta. However, the
route the smolts take once they get into the centrd Delta may be affected by project exports through
reverse flows in the centrd and southern Ddlta

Although the exact mechanismsfor the high mortdity in the central and southern Deltaare uncleer, it wasthe
team's belief that diminating exports would likely result in mgor benefits to juvenile sdmon in the Ddlta
Reducing exports to 1,200 cfs would result in lesser benefits, which would likely be substantia as well,
however.

Smolts migrating through the Ddta that originate in the San Joaguin Basin are specificaly subjected to
diversgon towards the pumping plants viaupper Old River. Surviva of smolts dlowed to stay in the main
San Joaquin River is aout 2 times greater than that of smolts diverted into upper Old River (USFWS
1993). In high-flow years many of the CWT smoalts released into upper Old River are observed in the
sdvage at thefish facilities, but during dry yearsvery few even reach thefish facilities(USFWS 1993). Itis
unclear why thisisthe case or if it isrelated to the export pumps. Savage numbersin the late 1980s and
early 1990s have been much lower than those in the early 1980s. It is possible that the recent continued
drought has caused the southern Delta to be more inhospitable to migrating salmon.

Itisclear, however, that the export pumpsdo increase the amount of San Joaquin flow diverted toward the
pumping plants at the upper Old River junction (DFG, Exhibit 15, July 1987). Presumably more salmon
smoltsareadso diverted off the San Joaquin River aswell, into an areawhere surviva has been shownto be
lower.

Related actions that may impede or augment the action: The closure of the DCC gates, combined
with increases in net downstream flow from the San Joaguin River (QWEST), would further improve
aurvival. In addition, storing increased amounts of water in upstream reservoirs would likely impede the
action, while increesing Ddtainflow (up to unimpaired levels) would likely augment the action.

Agency and organization roles and responsihilities USBR and DWR are responsiblefor reducing
exports.

Potential obstacles to implementation: Exports from the Delta provide water for agricultura and
domestic usein the San Joaquin Valey and southern Cdlifornia. Thereisareuctanceto limit exportsto the
extent recommended.
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Predicted benefits: Redtricting exportsto minimal levels (1,200 cfs) between November and June would
decrease both the direct and indirect losses of juvenile salmon. The benefits are expected to be sgnificant
and by itsdf, this action could potentidly double Delta surviva for juvenile sdmonids. Monthly average
SWP and CV P exports have been as great as 11,000 cfsin some months during the baseline period (1965-
1989). Future exports may likely be greater in some months.

Other items considered but not recommended: Theteam did not choose to recommend measuresto reduce
theloss of entrained fish at the CVP and SWP export facilities. Theteam believed that measuresto reduce
entrainment losses would have small population benefits relative to severely reducing exports, closing the
DCC gates, and increasing San Joaquin and QWEST flows because the greatest losses are indirect and
occur before the fish actually get to the fish facilities or Clifton Court Forebay (P. Coulston, DFG, pers.
comm.).

Theteam aso did not chooseto identify anisolated Detafacility (DWR 1974) asapotentid solution to the
indirect and direct impacts of SWP and CVP pumping because benefits from its operation could not be
redized for at least a decade. Additionaly, with an estimated 15% loss associated with the facility's
screens, operation of thefacility would not improve Sacramento smolt surviva as much asthe combination
of recommended actions.

Theisolated Ddtafacility may have substantia benefitsfor smoltsemigrating through the Ddtathet originate
in the San Joaquin Basin. Based on past data.on fish released at Mosddle, it is believed that benefitswould
likely depend on the amount of San Joaquin flow entering the Deltaat Mossdade and the amount reaching
thewestern Delta(Brandes 1994, DWR 1994). Many biologistsbelieve that operation of anisolated Delta
facility with proper flow criteria and operationa conditions is likely to have better potentid to increase
surviva of al speciesin the Delta than the continued present mode and amount of export.
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Action 2: Close the DCC gates from November 1 to June 30.

Objective: Increasethesurviva of smolts migrating down the mainstem Sacramento River by reducing the
number diverted into the centra and southern Delta.

Locationn DCC.

Narrative description: Asjuvenile sdmon migrate through the Delta, they encounter severa channessuch
as the DCC, Georgiana Sough, and Threemile Slough, that divert water off the maingem Sacramento
River. Sgnificant anounts of the downstream flow during dry yearsis diverted into these channdls. For
example, when flows at Walnut Grove are gpproximately 10,000 cfs, the DCC and Georgiana Sough
together divert approximately 70% (USFWS 1987). The DCC and Georgiana Slough are used to convey
high-qudity Sacramento River water to the CVP and SWP pumping plants in the southern Delta. The
water diverted through these two mgor diversion channedsmovesinto the central Deltaand isthen directed
to the southernmost part of the Deta, where the pumping plants are located. Many juveniles are
inadvertently diverted with the flow into the centrd Ddta away from their main migration path on the
Sacramento River. |t should be noted, however, that without project pumping, habitat throughout the
centra and southern Deltafor both migrating smoltsand rearing fry likely would beimproved and diverson
into these areas would be less detrimenta (and perhaps even a benefit) to their survival.

M ark-and-recapture sudies using fal-run hatchery smolts have found that sdmon smoltsdiverted into the
centra Delta viathe DCC and Georgiana Slough have much lower surviva than those migrating down the
mainstem Sacramento River. Trawl recovery a Chipps Idand of CWT sdmon smolts released between

1984 and 1989 above and bel ow the open DCC and Georgiana Slough have shown thet, on average, smolt
survival is about 3.3 times grester when smolts are released below both diverson channds. Smilar

experimentswith CWT smoltsin 1983, 1987, and 1988 reved ed that survival of smoltsreleased below the
closed DCC and Georgiana Slough was about 1.1 to 2.4 times greater (average of 1.5 timesgreater) than

aurviva of fish released above the closed DCC and Georgiana Slough (Table 3 Xe-6). We have

subsequently found the same trendsin survivd for fish released above and below the DCC and Georgiana
Sough with the gates open and closed (difference of 2.2 timesand 1.2 times, respectively) using anindex of

surviva based on recoveries of these marked fish as adults in the ocean fishery (Table 3-Xe-7).

Table 3-Xe-6. Comparisons of the surviva indices (Sr) for CWT Chinook
smolts released in the Sacramento River above and below the DCC
and Georgiana Slough diversion channel s between 1983 and 1989.

Channel condiition Year Above? Below” Below/above

Open 1984 0.70 0.73 1.0
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Channd condition Y ear Above? Below” Bdow/above

1985 0.32 0.77 2.4
1986 0.35 0.68 1.9
1987 0.44 0.88 2.0
1988 0.73 1.27 1.7
1988° 0.02 0.34 17.0
1989 0.84 1.20 1.4
1989 0.35 0.48 1.4
1989° 0.22 0.16 0.7

Avg. =33
Closed 1983 1.23 1.39 1.1
1987 0.66 0.80 1.2
1988 0.68 0.92 1.4
1988 0.17 0.40 2.4

Avg.=15

& Courtland site (3.5 miles above Walnut Grove).
P Ryde site (3.0 miles below Walnut Grove).
¢ Temperatures at release were 76°F and 75°F for Courtland and Ryde, respectively.
The Ryde group surviva seemed unusudly low compared to Ryde releases in other years.
Table 3-Xe-7. Ocean recovery rates for fal-run CWT chinook sdlmon smolts
released above and below the DCC and Georgiana Slough from

1983 to 1989 and ratios of surviva indices for amolts
rel eased above and bel ow these channdls.

Channd condition Y ear Above Below Bdow/above

Open 1984 .0058 .0042 72
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Channd condition Y ear Above Below Bdow/above
1985 .0036 .0085 2.36
1986 .0161 .0194 1.20
1987 .0142 .0201 1.42
1988 (May) .0091 .0249 274
(June) .0007 .0053 7.60
1989 .0049 .0082 1.67
.0008 .0016 2.00
.0009 .0002 .22
Avg. =221
Closed 1983 .0039 .0038 .97
1987 .0196 .0312 1.59
1988 (May) .0114 .0202 1.77
(June) .0097 .0046 A7
Avg. =12

The similarity between surviva indices of smoltsreleased at Courtland with the DCC gates open and those
released in the central Delta(Table 3- X e-6) indicatesthat Sgnificant numbersof sdlmon smoltsarediverted
into the DCC and Georgiana Slough.

As discussed previoudy under Action 1, the lower survivd rate of smolts diverted into the central Ddltais
evident when surviva indices from CWT smolts released in the centrd Delta are compared with those of
smoltsreleased a Ryde on the mainstem Sacramento River downstream of the DCC and GeorgianaSough
(Table 3-Xe-6).

Although we are uncertain of the exact percentage of smolts reaching Wanut Grove that are diverted, it
gppears from al the available data that many smolts are in fact diverted into the centra Delta and their
survivd islower than surviva of smaltsin the maingem Sacramento River.

Related actionsthat may impede or augment the action: Net western Deltaflow (QWEST) cannot
be reduced (below the flow during the CWT experiments) or the benefit observed from the DCC gate
closure will be reduced.
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Agency and organization rolesand responsbilities USBR isrespongblefor operation of the DCC
gates.

Potentid obstacles to implementation: The action may cause water qudity problemsin the centra
Detafor agriculture and resident fish populations.

Other actions considered but not recommended: Another structural solution was evauated by the team but
was not recommended because implementation and sequentia benefits would be at |east a decade away;
thissolution wasanew, gated, screened diversion from the Sacramento River to the Mokeumne River with
adequate downstream flow and provision for upstream migrantswith the permanent closure of theDCCand
Georgiana Sough. Thisis somewhat Smilar to the isolated facility concept, but the central Delta would
continue to be used for water conveyance with its negative impacts on fish present in the centra and
southern Ddlta

One of these structurd actions may in the future be determined to be the best long-term solution, but the
team acknowledged that sgnificant improvements for juvenile sdmon were needed immediately and
operationa changes could provide immediate benefits. There is aso the need to further define these
structura solutions so that benefits can more accurately be assessed.

The acoudtica (or physica) barrier in Georgiana Sough to prevent diversion of smaltsinto areas of high
mortality was aso not selected as a recommended action because of anticipated negetive effects on other
gpecies and the generd experimental nature of thisbarrier. Benefits resulting from decreasesin export and
the closure of the DCC gates are more certain and are recommended instead for attaining the desired
increases in survival. If sudy results warrant the use of an acoudtica (or physical) barrier in Georgiana
Slough and no impacts on other species are expected, then we asagroup would support itsuse, especidly
in combination with the other recommended actions.

Additiondly, the sole use of abarrier at the head of upper Old River during spring was not endorsed by the
team because of its gpparent negative effects on other species (Deltasmelt and winter-run chinook samon).

However, if sgnificant augmentation of Verndis flow and meaningful export curtailments are indituted
smultaneoudy, likely negative effects on other specieswould be minimized and slmon smolt surviva would
likely be improved with the barrier. The barrier does not appear to substantialy improve surviva through
the Delta, even when exportsarelow, if flowsare not Sgnificantly augmented smultaneoudy (DWR 1994).

Predicted benefits Closing the DCC gates appears to generdly increase surviva of smolts arriving at
Wanut Grove by 36%-200%. The absolute benefitsare estimated to be lesswhen temperatures are higher
and flows arelower (athough the percentage increase ishigher) and are estimated to be greater when flows
are high and temperatures are lower.
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Action 3: Maintain positive QWEST flows, or an equivaent measure of net seaward flows at Jersey Point,
of 1,000 cfsin critica and dry years, 2,000 cfsin below- and above-norma years, and 3,000 cfsin wet
years from October 1 through June 30.

Objective: Increasesurviva of smolts migrating down the mainstem rivers, decrease the number of smolts
diverted into the central Delta, increase the surviva of smolts diverted into the centra Délta, and provide
attraction flows for San Joaquin Basin adults (October-December).

Location: Flows are presently calculated for QWEST. Measured flows would be preferable.

Narrative description: Upon reaching the mouth of the Mokelumne River on thelower San Joaquin River,
juvenile saimon diverted into the central Delta are often exposed to upstream flow (reverse flows) that
moves the net flow eagterly in the San Joaguin River and toward the south via Old and Middle rivers.
These reversds of flow are exacerbated during periods of high pumping. Susceptibility to diverson into
Clifton Court Forebay or entrainment at the CVP and SWP pumping plants is aso more likely for fish
migrating through the centra and southern Délta than for those migrating down the mainstem Sacramento
River, presumably because of these reverse flows. Reverse flows aso make it less likdy that smolts
originating in the San Joaquin Basin will successfully reach the ocean.

Fal-run CWT fish released in thelower San Joaquin River a Jersey Point between 1989 and 1991 showed
that after corrections for temperature at release, reverse flows in the San Joaquin River at Jersey Point
gppeared to decrease the surviva of smolts migrating through the lower San Joaguin River (r=0.76,
p<0.10) (USFWS 1992b).

Also, reverseflowsin the western San Joaguin River and diversion into the central Deltathrough Threemile
Sough may bethe reason for surviva being lessfor fal-run CWT fish released at Ryde between 1984 and
1992, when